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Description 



» safety in ft. or ^SsSSSl^?' ?* T ' M80nS - abcwe ««>*»«<» rate a problem h 

U^-eel^^r^™"" 9 PP *' a,n '" "" rodUC " ,S ' «» '""*• ""9 s »*> •» "»*-*' -n— e.«e 
epo^^,! a .*^, a "T "J" mSln com " osl < l ° ra "*'*8 "e phenol Wazlne resin, and the phenol tnazine 

* — — — - — - a 

S22L^SSS? " fe a " ° bieCt ° f ^ Pr6Sent ' nVenti0n to PrOVide a novel flama ««"•*■* «* ferial free flom 
«. ^retlan^" ^ " *" ^ '"^ t0 Pr °^ e 3 n ° vel fla ™ resin materia, having a high 

Kllt^ a — — ~ - ha.ng a 

^hlis^sfs^ ° bjeCt ° f PreS6nt inVenti ° n t0 P ^ de 3 «~* fla ™ -tardan, resin materia, having a 
50 ^1^^^ ^ " *" ^ inVenti ° n 10 3 nOVe ' fla ™ reterd -* resin composition free from the 

Kme itaZcy" "** ° f ^ * P ™' d * 3 " OVe ' fla ™ ^rdant resin composition having a 

- Es^^ 

SJsCS^ ° f ^ PrBSent inV6nti0n t0 ProVfde 3 ^ flame reta " a * «>m P osi«on having 
[0017] T*e present invention provides a flame retardant pheno, resin materia, which inciudes a pheno. condensate. 



2 



EIPH OH 3 684 BH 



wherein a poly-aromatic compound obtained by a reaction of phenols (A) with aromatics (B) which do not include 
phenols and a heterocyclic compound (C) including nitrogen as heteroatom are condensed via aldehydes (D). 
[0018] The present invention also provides a flame retardant epoxy resin material which includes an epoxy resin 
obtained by glycidyl-etherification of at least a part of phenolic hydroxyl groups of a poly-aromatic compound obtained 
by a reaction of phenols (A) with aromatics (B) which do not include phenols and a heterocyclic compound (C) including 
nitrogen as heteroatom are condensed via aldehydes (D). 

[001 9J The present invention also provides a flame retardant resin composition including a flame retardant phenol 
resin material which includes a phenol condensate, wherein a poly-aromatic compound obtained by a reaction of phe- 
nols (A) with aromatics (B) which do not include phenols and a heterocyclic compound (C) including nitrogen as het- 
eroatom are condensed via aldehydes (D). 

[0020] The present invention also provides a flame retardant resin composition including a flame retardant epoxy 
resin material which includes an epoxy resin obtained by glycidyl-etherification of at least a part of phenolic hydroxyl 
groups of a poly-aromatic compound obtained by a reaction of phenols (A) with aromatics (B) which do not include 
phenols and a heterocyclic compound (C) including nitrogen as heteroatom are condensed via aldehydes (D). 
[0021] The above and other objects, features and advantages of the present invention will be apparent from the 
following descriptions. 

[0022] Preferred embodiments according to the present invention will be described in detail with reference to the 
accompanying drawings. 

[0023] FIG. 1 A is a schematic view illustrative of a flame retardant mechanism of a flame retardant resin composition 
having a foam layer free of nitrogen based flame reducing gas. 

[0024] FIG. 1 B is a schematic view illustrative of a flame retardant mechanism of a flame retardant resin composition 
having a foam layer filled with nitrogen based flame reducing gas. 

[0025] The first present invention provides a flame retardant phenol resin material which includes a phenol conden- 
sate, wherein a poly-aromatic compound obtained by a condensation reaction of phenols (A) with aromatics (B) which 
do not include for phenols and a heterocyclic compound (C) including nitrogen as heteroatom are condensed via 
aldehydes (O). 

[0026] It is preferable that the aromatics (B) are represented by the following chemical formula (1 ), 



30 XHgC-FVCHgX (1) 

where is any one of biphenyl derivatives, phenylene derivatives, naphthalene derivatives, biphenylene derivatives, 
fluorene derivatives, bis-phenol fluorene derivatives, and X is any one of halogen atoms, hydroxyl groups and alkoxyl 
groups having not more than 10 carbon atoms. 
35 [0027] It is further preferable that the R, is any one of biphenyl derivatives and phenylene derivatives. 
[0028] It is also preferable that the heterocyclic compound (C) is selected from triazines. 
[0029] It is further preferable that the triazines include compounds having at least one amino group. 
[0030] It is also preferable that the triazines are at least one compound selected from melamine, acetoguanamine 
and benzoguanamine. 

40 [0031] The second present invention provides a flame retardant resin composition which includes at least a flame 
retardant phenol resin material of the first present invention. 

[0032] It is preferable to further include an aromatic thermosetting resin having aromatic rings in a main chain skel- 
eton. 

[0033] It is further preferable that the aromatic thermosetting resin comprises an epoxy resin having a novolac struc- 
45 ture. 

[0034] it is also preferable that the aromatic thermosetting resin comprises a phenol resin having a novolac structure. 
[0035] It is also preferable that the aromatic thermosetting resin comprises a phenol aralkyl epoxy resin having ar- 
omatic rings in a novolac-structured main chain. 

[0038] It is further preferable that the phenol aralkyl epoxy resin has at least any one of biphenyl derivatives and 
50 phenylene derivatives in the novolac structured main chain. 

[0037] It is also preferable that the aromatic thermosetting resin comprises a phenol aralkyl phenol resin having 
aromatic rings in a novolak-structured main chain. 

[0038] It is further preferable that the phenol aralkyl phenol resin has at least any one of biphenyl derivatives and 
phenylene derivatives in the novolac structured main chain. 
^ [0039] It is also preferable to further include an aromatic thermoplastic resin having aromatic rings in a main chain 
skeleton. 

[0040] The third present invention provides a semiconductor device having a sealing resin which comprises a flame 
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retardant resin composition of the second present invention 

[0044] It is preferable that the anomalies (B) are represented by the foliowing chemical formula (1). 

XH 2 C-R 1 -CH 2 X ^ 

20 roruTi I ! 7*L prefe 7 b, t^ at the hete ">cyclic compound (C) is selected from Marines. 

and^J^uan? m re ~ * ' eaSt °" e C ° mp ° Und me,amin *' acetoguanamine 

Klnt?^ 

ST " iS Preferab,e t0 ** lh9r iTC,Ude an aromatic ^ermosettJng reS in having aromatic rings in a main chain skel- 
£051] It is further preferable that the aromatic thermosetting resin comprises an epoxy resin having a novolac struc- 

K It Is IS^^S^ resin comprises a phenol resin having a novolac structure. 

Sne^ 

aSic'^g^ — «~ a — aralKyt pheno, resin having 

Kene!^^ 

EEL" iS a,S ° Preferab,e t0 ' nClUde 80 aromatiC ^P-astlc resin having aromatic rings in a main chain 

JeTrLt^ 

En t rs ssis&tsr* board ha * n9 an * — — a a «« 

KLrX^ PPOVideS 8 m ° W,n9 ^ «""■»•""» a fla ™ ^rdant resin composition of 
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^IJSZ^lZZ!^ 7°""°" T" " " a ™ retentart f**" 0 ' "* «"* *** l™<udes a phenol 

nlLTnoeh, ? ' aromatics ( B > wH'ch do not include phenols and a heterocyclic compound (C) includina 
nitrogen as heteroatom are condensed via aldehydes (D) compouna (t,} including 

[0064] The present invention also provides a flame retardant resin composition including a flame .etardant epoxy 
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resin material which includes an epoxy resin obtained by glycidyl-etherification of at least a part of phenolic hydroxy! 
groups of a poly-aromatic compound obtained by a reaction of phenols (A) with aromatlcs (B) which do not include for 
phenols and a heterocyclic compound (C) including nitrogen as heteroatom are condensed via aldehydes (D). 
[0065] The above flame retardant resin compositions may include an aromatic thermosetting resin having an aromatic 
5 ring in a main chain skeleton. 

[0066] The above flame retardant resin compositions may include an aromatic thermoplastic resin having an aromatic 
ring in a main chain skeleton. 

[0067] The present invention also provides a semiconductor device using a sealing resin which comprises the above 
flame retardant resin composition. 
10 [0068] The present invention also provides an electronic or electric component having a semiconductor device using 
a sealing resin which comprises the above flame retardant resin composition. 

[0069] The present invention also provides a printed wiring board using an insulator material which comprises the 
above flame retardant resin composition. 

[0070] The present invention also provides a molding material comprising a flame retardant thermosetting resin which 
is comprises the above flame retardant resin composition. 

[0071] The present invention also provides a molding material comprising a flame retardant thermoplastic resin which 
comprises the above flame retardant resin composition. 

[0072] In this specification, "flame retardant phenol resin material- is defined to be a phenol resin material, wherein 
a phenol condensate having the above structure is optionally mixed with other phenol resins, "flame retardant epoxy 

20 resin material" is defined to be an epoxy resin material, wherein an epoxy resin having the above structure is optionally 
mixed with other epoxy resins, "flame retardant resin composition" includes the above flame retardant phenol resin 
materials and/or the above flame retardant epoxy resin materials which [may optionally be mixed (w ith fillers, flame 
retardants such as metal hydroxides, phosphoric compounds except for halogen compounds or other additives. 
[0073] The flame retardant phenol resin materials and the flame retardant epoxy resin materials in accordance with 

25 the present invention will hereinafter be referred to as "flame retardant resin materials". The flame retardant resin 
material has the aromatics (B) and the heterocyclic compound (C) in its condensate, for which reason the flame re- 
tardant resin material is superior in flame retardancy as compared to the conventional flame retardant resin materials. 
[0074] If, in accordance with the prior art, the flame retardant resin material having molecular skeletons introduced 
with the heterocyclic compound (C) including nitrogen atoms as the heteroatom therein is added into the resin com- 

30 position, then nitrogen based flame resistant gases are generated by ignition, whereby the flame resistant gases are 
dispersed to an atmosphere and an insufficient flame retarding effect is obtained. It is necessary for obtaining a sufficient 
flame retarding effect to generate a large amount of the nitrogen based flame resistant gases. The source of the nitrogen") 
based flame resistant gases is triazine ring. If the content of the triazine rings in the resin composition is increased, ttriWie 
then the thermal stability or the resistance to the thermal decomposition is deteriorated, whereby the flame retardancy I 

35 is deteriorated and the moisture resistance and other properties are also deteriorated. ^ 
[0075] In accordance with the present invention, the flame retardant resin material having both the aromatics (B) 
and the heterocyclic compound (C) in the condensate is added to the resin composition to exhibit a novel flame retarding 
mechanism different from the conventional technique. 

[0076] The novel flame retarding mechanism will hereinafter be described by taking an example of a thermosetting 

to resin including the flame retardant resin material. 

[0077] The flame retardant resin material in accordance with the present invention includes aromatics (B). The flame 
retardant resin composition including the flame retardant resin material is low in bridge density in thermosetting resin 
composition, for which reason decomposition gases generated by ignition of the resin composition expends a surface 
of the resin composition to form a foam layer. The addition of the above flame retardant resin composition causes this 

45 foam layer to include phenols superior in thermal stability or thermal decomposition resistance and aromatic derivatives 
or poly-aromatics, whereby the resin composition has a high hot strength which suppress foam-breaking. Oxygen or 
heat are shielded by this foam layer, whereby a high flame retarding effect can be obtained. 

[0078] In addition to the aromatics (B), the heterocyclic compound (C) is introduced into the molecular skeletons of 
the flame retardant resin composition in order to not only prevent the spreading fire but also cause the foam layer to 
reduce the fire for obtaining a higher flame retardancy. Namely, the flame retardant resin composition in accordance 
with the present invention includes the heterocyclic compound (C). The nitrogen based flame resistant gases are 
generated in ignition. A part of the generated gases is diffused into the atmosphere whilst the remaining part thereof 
fills the foam layer. The foam layer filled with the nitrogen based flame resistant gases not only prevents the spreading 
fire but also reducing the fire. This mechanism will be described with reference to the drawing. FIG. 1 A is a schematic 
view illustrative of a flame retardant mechanism of a flame retardant resin composition having a foam layer free of 
nitrogen based frame reducing gas. A left side edge of a resin product 1 is burned or fired and a fire face 3 is made 
spread toward a foam layer 2 which prevents the fire spread. If the fire face 3 is made close to the foam layer 2, some 
of forms are broken, whereby it is no longer possible to prevent the fire spread. FIG. 1 B is a schematic view illustrative 
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ilm! Z,^ Tf^ ° f 3 flam8 retardant resin having a foam layer filled with nitrogen based 

foam Zt%^ 2* &d Z *?* ° f 3 r6Sin Pr0dUCt 1 ' fe bUmed orfired and a fire feca 3' * spread toward a 
w^e Jbfthf T red K uce8 H the fira - » *• fire face 3 is made close to the foam layer 2, some of forms are broken, 

^m^Vh« r™T" ^ 93868 4 ^ NeCted to the fire ' and the flre ls ^ the nitrogen based gases 

^ SK ^ 38 3 reSerV ° ir ' ayer fof reS6,Vin9 the nitro9en based flame cueing gases 4' which 

Zl^T tl f Xfa " Ct,on ;, The thermosetting resin composition including the flame retardant resin material exhibits 

aro™ VitZ^^ by J he ^ retafdant r6Sln material to 3 resin """Position having a base materia. o?an 
^Zrtlw^nZ?* ar0matlC rin9S 00 th8 main Chain skeleton ' for example, a " epoxy ^sin containing 

a novolak structure and/or an epoxy resm composition having a base material of an epoxy resin containing a novolac 
strucfore, particular* a phenol aralkyl type epoxy resin having aromatic rings on a novoiac-strucfored main Safo 
skeleton and/or a phenol aralkyl type phenol resin having aromatic rings on a novolac-structured main chain steleton 
The aromatic thermosetting resin having the aromatic rings on the main chain skeleton is high in merm* sSy and 

Satea^SE ^3* ^ a " ^ Stab,e foam ,ayer 080 b9 ° btained by USin 9 an W resin containing a 
SSut^SSl 1 f ^ oom »« ,Bon navi "9 a basa material of an epoxy resin containing a novolak 
stmcfore. particularty a phenol aralkyl type epoxy resin having aromatic rings on a novolac-structured main chain 

roo™ ^llTTr^ ^ Phen01 reSi " h3Vin9 aromattC nn9S on a novolac-structured main chain skeleton. 
EL J retardant resin material in accordance with the present invention has both the aromatics (B) and 

ZXSSmSZZXSS l) n Same C ° ndenSate S ° ™ the reSl " •composition containing the flame reta!dan1 
IS Z^T I high flame retardancy and a high moisture resistance. If. differently from the present invention 
haVm9 r molecu,arske,eto " introd "«* with the aromatics (B) and a different molecular skeleton 
introduced wrth the heterocyclic compound (C) does not have both a high flame retardancy and a high moisture resist- 
^JZZ??- 3 T" ~ m P° sition havlna a P" e "°' "Phenyl are.kyl epoxy resin having a biphenyl group on me 
mo SI ? a S a . Ph ^°' r6Sin haVln9 WaZine rings does not have a sufficiently high flame retaroancy and 
hl9h flame retenJa "oy and the high moisture resistance shown by ?he flame retardanTresin 
Slit! ^.^ ♦ Z'l 0 " "I f ° btalned by introdudn 9 mattes (B) which are superior in both the thermal 
J?™ f th ! rma ' decom P°sition and the hydrophobic!*. Addition of the resin composition with the 

SSSEST" ♦ 'T 9 thS ar ° matiCS (B > and the heterocyclic compound (C) in the same condensate in 

E1 h h k ?, des onpt>ons about the flame retardancy mechanism of the flame retardant resin material have 
r^riTnc «f y 9 ' 38 , one axam P le < * e thermosetting resin composition. The above novel flame retartlant resin 
t7thl an!v« ZS^ P 2 2 -thermoplastic resin composition to obtain such the high flame retardancy. Similarly 
^^nTZn r^^T l^^^^ ** re sin composition containing the flame 

teSi^or^Z^t h iHv P,BS ? "T CaUS6S 3 foam ,ayer to te formed in i9nifion - ^ erein »e foam layer 
e^S a irrl ^ ^l 06 to * e therma. decomposition, whereby the thermoplastic resin composition 
n^^^^^T^^ 8 ; herm °P lasBc ""«" composition containing the flame retardant resin material 
T^SSiS Th (B) and the heterocyclic compound (C) in the same condensate provides the large effects. 
reasoZj ^orn^^Tf 1,16 fl8me reSin material iS COmpatib,e with the aromatic rings for which 

hatta a rvdr^^nT *" T "l'™ 6 "* 0 "' phenote < A > are not ,imited P™"* that an aromatic compound 
^T nalSrh* Tf eXam ? e> thGre are aVai ' able 38 the phenols < A > P heno1 - na P htho, s such as a-naphthol 
ZZL P i!S ? ? ? U ° rene ^ pheno1, a,kyl phenote such 88 CTes oi. xylenol, ethyl phenol, butyl phenol nonyl 
l e l a h nd P heno1 - P°,^y dric P ha "°'s such as bis-pheno. A. bis-pheno. F, bis-phenol S. resorcin and cSS 
Sfoi? Phen °'' and am ' n ° phenoL Those phenols 06 "sad alone or in combination. 

Sdol^^^^l^^JT"" 0 "' the ar ° matics < B > ^sss one or more aromatic compounds 
^mi^ !1J !f.„ eS f ,bed Phen ° ls (A) - The aromatics ( B > are not lim «ed provided that the aromatics 
SfolTng^ 



XH2C-R^ -CHjX 



fl? 0 mn« dfrZ^ ° f ^P^"^ 6 "^^^. Phenylene derivatives, naphthalene derivatives, biphenylene derivatives, 
fluorene derivatives. b.sphenol fluorene derivatives, and anthracene derivatives, and X is any one of haloaen atoms 
hydroxy! groups and alkoxyl groups having not more than 10 carbon atoms 
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[0083] The biphenyl derivatives means a divalent group derived from substitutional or unsubstitutional biphenyl. The 
substitutional biphenyl may be, for example, hydrocarbon groups having a chain-structure including unsaturated bonds 
of 1-6 carbon atoms such as allyl groups, and alkyl groups of 1-6 carbon atoms. 

[0084] The phenylene derivatives means a divalent group derived from substitutional or unsubstitutional phenylene. 
The substitutional phenylene may be, for example, hydrocarbon groups having a chain-structure including unsaturated 
bonds of 1-6 carbon atoms such as allyl groups, and alkyl groups of 1-6 carbon atoms. The phenylene derivatives 
include divalent groups derived from diphenyl ether, divalent groups derived from bis-phenol A, divalent groups derived 
from bis-phenol F, and divalent groups derived from bis-phenol S. 

[0085] The naphthalene derivatives means a divalent group derived from substitutional or unsubstitutional naphtha- 
lene. The substitutional naphthalene may be, for example, hydrocarbon groups having a chain-structure including 
unsaturated bonds of 1-6 carbon atoms such as allyl groups, and alkyl groups of 1-6 carbon atoms. 
[0086] The biphenylene derivatives means a divalent group derived from substitutional or unsubstitutional biphe- 
nylene. The substitutional biphenylene may be, for example, hydrocarbon groups having a chain-structure including 
unsaturated bonds of 1-6 carbon atoms such as allyl groups, and alkyl groups of 1-6 carbon atoms. 
[0087] The fluorene derivatives means a divalent group derived from substitutional or unsubstitutional fluorene. The 
substitutional fluorene may be, for example, hydrocarbon groups having a chain-structure including unsaturated bonds 
of 1-6 carbon atoms such as allyl groups, and alkyl groups of 1-6 carbon atoms. 

[0088] The bis-phenol fluorene derivatives means a divalent group derived from substitutional or unsubstitutional 
bis-phenol fluorene. The substitutional bis-phenol fluorene may be, for example, hydrocarbon groups having a chain- 
structure including unsaturated bonds of 1-6 carbon atoms such as allyl groups, and alkyl groups of 1-6 carbon atoms. 
[0089] The anthracene derivatives means a divalent group derived from substitutional or unsubstitutional anthracene. 
The substitutional anthracene may be, for example, hydrocarbon groups having a chain-structure including unsaturated 
bonds of 1-6 carbon atoms such as allyl groups, and alkyl groups of 1-6 carbon atoms. 

[0090] It is preferable that R 1 is any one of biphenyl derivatives, phenylene derivatives, whereby a thermosetting 
resin composition having a low bridge density can be obtained. A foam layer in a form of rubber which is superior in 
thermal decomposition resistance is formed in ignition. Biphenyl and derivatives thereof as well as phenylene and 
derivatives thereof are superior in hydrophobicity, for which reason introduction of them causes a great improvement 
in moisture resistance of the resin composition. 

[0091] The aromatics (B) are not limited provided that the aromatics (B) are chemically reacted and bonded with the 
phenols (A). The aromatics (B) may be a compound represented by the following general formula (1). 



where a hydrogen atom bonded to a carbon atom of methylene chain (-CHj-) is substituted with other substituent (R*)- 
This substituent (R*) may be, for example, a hydrocarbon group having 1-10 carbon atoms and/or an alkoxyl group 
having 1-10 carbon atoms as well as polymers based on other hydrocarbons. 

[0092] In accordance with the present invention, heterocyclic compound (C) including nitrogen as heteroatom serves 
as a source of flame reducing gas. The heterocyclic compound (C) includes one or more nitrogen atoms, and optionally 
may further include other atoms such as sulfur as heteroatom. It is particularly preferable that the heterocyclic com- 
pound (C) including nitrogen as heteroatom is triazines. The triazines means compounds having one or more triazine 
rings to effectively discharge flame reducing nitrogen based gases. 

[0093] It is preferable that the triazines have at least one amino group so that the triazines and the poly-aromatics 
obtained by reaction of the phenols (A) with the aromatics (B) except for phenols may easily condensed via the alde- 
hydes (D). 

[0094] It is preferable that the triazines are represented by the following general formulae (2) and (3) so as to effec- 
tively discharge flame reducing nitrogen based gases. 



35 
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ereneral fnrrr, v \ a (?) 

where each of R 2 R 3 . and R 4 is any one of amino groups, phenyl groups, alkyl groups having 1-12 carbon atoms 
SZZ^^T** 9r ° UPS ' 6ther 9,OUPS ' ester 9™P*' 9»»ups unLtoratJhyd^rbTgro^' 

CT^N^O general formula. (*} 

k 

where each of R5, y, and R 7 is any one of hydrogen atom, alkyl groups having 1-12 carbon atoms phenyl arouos 
222? 9 f roUpS ' hydro ^ a,k * ester WW carboxyl groups, unsaturated hydrocele" groups cyTno gouts' 

halogen atoms. It .s preferable that if R* Rg, and R 7 are substituted with alkyl groups, the number rfrtJESSR 
formula is not more than 2 and others are the above reactive functional groups 9 P 

S^r,^?^ ribed ab °i?' " iS preferable at ,east one of R* R 3 , and R 4 is amino groups. The compounds 
represented by the general formula (2) may be. for example, the triazine derivatives such as beLum? ace- 
toguanarmne and melamine. cyanuric acid derivatives such as cyanuric acid, methyl cyanureteSTa^ure e acSyl 
cyanure e cyanuric chloride. It is more preferable thatthe 

formula 4)) acetoguanamine(the following general formula (5)). melamine (the following genera E£nXS) C£ 
22 Z k! S mOSt Pref T b ' e b6CaUSe tWs COmpOUnd makes the heterocyclic compound (C) easy to compaSbS 
TllS:!^ 3 ^^ ^ ^ the reacH ° n ° f the pheno,s < A > with th * (B) except fo? pnenote an^Sh 

ttre aldehydes (D). resultmg in an efficient reaction and improvement in moisture resistance of the flame retaroart resin 




eeneral fnrrrt U f a (4} 



N< X^ general formula QJt 
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general formula (6) 



10 [0096] It is also preferable that at least one of is R 6 , Rq, and R 7 is hydrogen atom. The compounds represented by 
the general formula (3) may be, for example, isocyanuric acid derivatives such as isocyanuric acid, methyl isocyanurate, 
methyl isocyanurate, ethyl isocyanurate, allyl isocyanurate, 2-hydroxyethyl isocyanurate, 2-carboxylethyl isocyanurate, 
isocyanuric chloride. It is most preferable that all of Rg, Rq, and R 7 are hydrogen atoms. The cyanuric acid represented 
in the general formula (2) as tautomer of those compounds is also preferable. 

15 [0097] The compounds of the general formulae (2) and (3) may be used alone or in combination. 

[0098] In accordance with the present invention, the aldehydes (D) are not limited but formaldehyde is preferable as 
being convenient in use. Typical sources are, for example, formalin and paraformaldehyde. 

[0099] The flame retardant phenol resin material of the present invention includes a phenol condensate in which the 
components (A), (B), (C) and (D) are condensed. The flame retardant epoxy resin material of the present invention 

20 includes an epoxy resin, wherein the phenol condensate is glycidyl-etherificated. 

[0100] It is preferable that an epoxy resin is contained in the flame retardant phenol resin material of the present 
invention to obtain a resin composition superior in flame retardancy, mixing stability, thermal stability and moisture 
resistance and other properties, wherein the phenol condensate of the present invention serves as a thermosetting 
agent for the epoxy resin composition. 

25 [0101] Similarly, it is also preferable that a thermosetting agent for epoxy resin is included in the flame retardant 
epoxy resin material of the present invention to obtain a resin composition superior in flame retardancy, mixing stability, 
thermal stability and moisture resistance and other properties. 

[0102] The flame retardant resin material of the present invention is particularly effective for flame retardation of the 
epoxy resin composition. The epoxy resin and the epoxy resin thermosetting agent serve as the base materials of the 

30 epoxy resin composition including the flame retardant resin material of the present invention. As the epoxy resin and 
the epoxy resin thermosetting agent, an epoxy resin containing a novolac structure and a phenol resin containing a 
novolak structure are preferable. Particularly, a phenol araikyl type epoxy resin having aromatic rings on the novolac- 
structured main chain skeleton and a phenol araikyl type phenol resin having aromatic rings on the novolac-structured 
main chain skeleton are further preferable. As the phenol araikyl type epoxy resin and the phenol araikyl type phenol 

35 resin, there is used for the base material of the epoxy resin, at least any one of phenolbiphenylaralkyi epoxy resin, 
phenolbiphenylaralkyl phenol resin, phenolphenylenearalkyl epoxy resin, phenolphenylenearalkyl phenol resin, phe- 
noldiphenylaralkyl epoxy resin, phenoldiphenylaralkyl phenol resin, naphtholaralkyt epoxy resin, naphtholaralkyl phenol 
resin, phenolanthracenearalkyl epoxy resin, and phenolanthracenearalkyl phenol resin. 

[0103] The co-use of the flame retardant resin material of the present invention along with epoxy resin and/or the 
4 o thermosetting material for the epoxy resin is effective to provide a suitable resin composition for a sealing resin of 
semiconductor device and insulator for printed board. 

[0104] The flame retardant resin material of the present invention is also effective for flame retardation of other resin 
compositions than the epoxy resin composition. Particularly, the flame retardant resin material of the present invention 
may be well compatible and uniformly dispersed. The flame retardant resin material of the present invention is effective 

45 for the aromatic thermosetting resins having the aromatic rings on the main chain skeleton, for example, phenol resins 
and resin compositions having polyester as the base material and for the aromatic thermoplastic resins having the 
aromatic rings on the main chain skeleton, for example, polycarbonate, polystyrene, co-polymer (AB) of acrylonitrile 
and styrene, co-polymer (ABS) of acrylonitrile, butadiene and styrene, polyphenylene ether, polybutylene terephthaiate, 
nylon, and resin compositions having a base material of polymer alloy comprising at least two of them. The flame 

50 retardant resin material of the present invention is also effective for resin compositions having a base material of olefins, 
and optionally together with dispersing agent for obtaining a higher flame retardancy. 

[0105] The flame retardant phenol resin material of the present invention uses the specific-structured condensate 
which includes the above components (A), (B), (C) and (D) in one molecule, for which reason there is no limitation to 
molecular weight. As the phenol condensate, plural types of the substances different in molecular weight may be 
£5 included in the condensate. 

[01 06] The flame retardant epoxy resin material of the present invention also uses the specific-structured condensate 
which includes the above components (A), (B), (C) and (D) in one molecule, for which reason there is no limitation to 
molecular weight. As the epoxy resin, plural types of the substances different in molecular weight may be included in 
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the condensate. 



Phenol resTnm^ri^n^lf " T^f" ° f the Pr6Sent inVen « 0n inc,ude anv °" a <™e retardant 

inZS K 6 f e 2? fl T retardati ° n 030 be ° Mained - 11 is » refera * la theTc^eXn^a^^ 

mat fhe^S enV8t,Ve8 and/ ° r Pheny " ene d6riVatiVes on the main chain ^e.eton «t is Se£ SSL ^ 

flame ESEK" 8 ^ 38 *" ^ ^ h resin Com ' osi « on ' «° — a muWp^ecTfn £ 

es. ^ssr^ir oonden8ate ,n accordance - - present - *>* * 

a^dSe^^ 

Mn^rth! COn ^ e . nsata ^represented by the following general formula (7). The above condensation reaction is made 
S JSnST ^ 3 m ° ,ar ^ ° f *° pheno,s < A > to » a a ™ a «cs (B) is ranged from 0.3:1 toTo^re^bt 



b.s-phenol S, resorein. and catechol, and derivatives of alkyl phenols P ' 

tivlsl Jrene denvaXet 22? V™"***?**" d *™ tives > naphthalene derivatives, biphenylene deriva- 
r« 6 4« V! t, !. ' bis -P heno1 Auorene derivatives, and anthracene derivatives. 

!uhlt.; S^!"*! d8r1Vat,V f 8 n* 8 " 8 a divalent group derived from substitutional orunsubstitutional biphenyl The 

lene 1 XJ^^Tn^T?^ T * H™*"* ^ deriVed * Bm substltu «°" al » ""substitutional naphtha- 

SSS? m fl ° f l" 6 . 0B ? 0n atoms s "<* ally, groups, and alkyl groups of 1-6 carSon atoms 9 
luh JL , I" 0 ™" 6 denvatives means a divater « 9roup derived from substitutional or unsubsSonal fluorene The 
^ T f ° r eXample ' h*™-*" 9™P* having a chain-structure Indudln^ns^X oonS 
™ 1 1 ^ at ° m8 SUCh 38 al,yl groups ' and a,k * 9™°^ of 1-6carbon atoms. unsaturated bonds 

511? 7? b 's-Phenol fluorene derivatives means a divalent group derived from substitutional or unsubstitutional 

if .T 3t ° mS ^ 88 ^ group8 ' and a,k y 9 rau f« of 1-6 carbon atoms. 9 Unsaturated 

[01181 The condensate represented in the above general formula (7) may. for example, be substances represented 
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by the following formulae (8) through (18), but should not limited to those substances. 



OH r OH 0H 

Co^CH^^CHr^CHto^CHHo) 

x general formula (fi) 



. meral formula m 



OH OH OH ventral fnrrp tf l n (jq) 




OH OH OH senerat formula 

(^CH^O^ CHT^CH^-O-^^HrCs) 



OH - OH OH 
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t&nsraljarBmLa (15} 



10 



15 



PH OH ^ OH 



20 



25 



PH 



CH 2 - 




■cH 2 -^r3j 



OH 



ggftera/ forma/a f 7*h) 



30 



35 



OH^ OH. OH 

Hz ^^$ <H ^^ lCH ^^' CH7 ^ ) general formuM (77) 



40 




PH 



zeneral formula (1ft) 



45 



SO 



55 



VI I * condensation reactton . acidic catalysts are used. Various types of tfie acidic catalysts mav be 

used, for exampte. organic or inorganic acids such as p-toluenesulfonate. sulfuricTcid. hydrochloifc add o^lfeTdd 
Lew,s acids such as boron trifluoride. aluminum chloric anhydride, and zinc chloride. parLla^P^^^ 

uS^y'^ 

SL^^ 6 . 00 "?"^ reaCti ° n may te made in absence of or in P^nce of organic solvents 
Available organic solvents may. for exampte, be methyl cellosolve. ethyl cellosolve. toluene, xylene. mShylfeobutylki 

oS , w^ohtT«, n i , C ^ ° *T T n l° ^ iS n0mia,,y 5CW0 ° % b * Preferably 1^0-250 % by weTgXt 

SI m !i enalS - A reaCtion ^P 6 "*™ ^ normally 40-180°C. A reaction time is normaSy 1 10 

hours. Those organic solvents may be used alone or in combination. A water and an alcohol generatedTriL th« 

255" TSLTZZ te nm T , by 086 0,fractiona ' * maiim **• to promote *• -Sion 9 durin9 * e 

[0121 j After the reaction, a water cleaning treatment is carried out until a cleaning solution oH value becomes 7 
preferably 5-7 For the water cleaning treatment, there may be used, as neutrallzaJoS itS^wSSSL^ 
example, aikal, meta. hydroxide such as sodium hydroxide and potassium hydroxide. ZTel 
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as calcium hydroxide and magnesium hydroxide, ammonia, sodium dihydrogenphosphate, and organic amines such 
as diethylene triamine, triethylene tetraamine, aniline and phenylene diamine. The water cleaning treatment may be 
earned out by the norma! method. For example, the reaction mixture is added with a water solved with the above 
neutralization agents to repeat separating extractionoperation. 

[0122] After the neutralization treatment, the solvent and unreacted substances are removed under a low pressure 
at a heated condition to cause a condensation of the product to form a condensate represented by the above general 
formula (7). 

[0123] The condensate typically represented by the above general formula (7), heterocyclic compound (C) having 
nitrogen as heteroatom and the aldehydes (D) are reacted under conditions of 4-10 pH, preferable 5-9 pH. The con- 
densate typically represented by the above general formula (7) is condensed with the heterocyclic compound (C) 
having nitrogen as heteroatom via the aldehydes (D) to form a phenol condensate. This condensation reaction may 
be made with or without catalyst. The kinds of catalysts are not limited but basic catalyst is preferable. 
[0124] The available basic catalysts may, for example, be alkali metal hydroxide such as sodium hydroxide and 
potassium hydroxide, alkali earth metal hydroxide such as barium hydroxide, and oxides of those alkali metal hydroxide 
and alkali earth metal hydroxide, ammonia, primary, secondary ternary amines, hexamethylenetetraamine, and sodium 
carbonate. If the phenol resin of the present invention is used as the thermosetting agent to the epoxy resin compositions 
for electric or electronic devices, it is preferable to use amines to avoid that inorganic substances as metal resides as 
the residual catalyst. 

[0125] There is no limitation to the sequences of the reactions. It is possible that the condensate represented by the 
above general formula (7) is reacted with the aldehydes (D) before the heterocyclic compound (C) having nitrogen as 
heteroatom is added thereto. It is also possible that the heterocyclic compound (C) having nitrogen as heteroatom is 
reacted with the aldehydes (D) before the condensate represented by the above general formula (7) is then added 
thereto. It is also possible that the condensate represented by the above general formula (7), the heterocyclic compound 
(C) and the aldehydes (D) are concurrently added to case the reaction. A molar ratio of the condensate represented 
by the above general formula (7) to the heterocyclic compound (C) and the aldehydes (D) is not limited but preferably 
1 : (0.1 - 10) : (0.1 - 10), and more preferably 1 : (0.2 - 5) : (0.2 - 5). 

[0126] In view of control the reaction, it is also possible the reaction is made in the presence of various solvents. 
There is no limitation to the kinds of the solvents but available solvents may, for example, be acetone, methyl ethylke- 
tone, toluene, xylene, methyl isobutyl ketone, ethyl acetate, ethyleneglycolmonomethylether, N,N'-dimethylformamide, 
methanol and ethanol. Those solvents may be used alone or in combination. 

[0127] The neutralization and water cleaning may, if any be carried out to remove impurities such as salts. If, however, 
amines are used as the catalyst, there is no need to carry out these processes. After the reaction, unreacted substances 
and the used catalysts are removed by the normal methods such as distillation under atmospheric pressure or in 
vacuum. It is necessary to carry out a heat treatment at 120°C for obtain the resin substantially free of unreacted 
aldehydes and methylol groups. A heat treatment at a temperature below 120°C is incapable of complete disappear- 
ance of the methylol groups. The heat treatment at above 120°C for a sufficient time period is capable of complete 
disappearance of the methylol groups. The heat treatment at above 150°C is preferable. At this high temperature, a 
distillation may preferably be carried out in accordance with the method of obtaining the novolak resins together with 
heating the same. 

[0128] The phenol condensate of the present invention is useable for the flame retardant of the resin composition 
or the thermosetting agent. Examples of the phenol condensate of the present invention are represented by the fol- 
lowing general formulae (19) through (30). 




• gemral formula (19) 



where R8 is anyone of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol groups, and cyano groups, 
and n n n is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and V is 1.0-10, preferably 1.0-5.0, more preferably 
1.0-2.0. 
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am 



™Z ! t £ Y P ? 6nirf 9roUPS> ^ 9 rou P sof 1 - 12 atoms, amino groups, hydroxyl groups, hydroxylalkyl 

En? ro^-T^Sr^'o"^ 9 T PS : UnS3tUrated h y droca ^ fl*W groups, and cyano group? 
and n .s 0.0-10. preferably 0.0-3.0. more preferably 0.0-1.0, and »m" is 1.0-10. preferably 1.0-5.0, more preferab? 



?H ' OH 



f l OH r a 



where R8 is anyone of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups hydroxylalkyl 
1 (WO. P ref erably 0.0-3.0. more preferably 0.0-1.0. and "m" is 1.0-10. preferably 1.0-5.0. more preferably^ 



™?,~ R< l!f ° ne ° f P - he " yl 9r ° UpS ' alkyl groups of 1 ' 12 atoms, amino groups, hydroxyl groups, hydroxylalkyl 



where R8 isany one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups hydroxylalkyl 

anX' ^T£2S?SX ^ 9T °^ UnSatUrat6d hydTOCarb0n ™ cSSSS 

and^n Is 0.0-10. preferably 0.0-3.0, more preferably 0.0-1 .0. and W is 1.0-10. preferably 1.0-5.0. more preferably 



general fo rmula (74) 



where RS.sanyone of phenyl groups, alkyl groups of 1-12carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
and n .s 0.0-10. preferably 0.0-3.0. more preferably 0.0-1.0. and "m" is 1.0-10. preferably 1.0-5.0, more preferably 
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^a^a^)-^^,^^ «™r«l formula ( ? V 

where R8 is anyone of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol groups, and cyano groups, 
and n n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and ¥ is 1.0-10, preferably 1.0-5.0, more preferably 
1.0-2.0. 




general formula (26) 



where R8 is anyone of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol groups, and cyano groups, 
and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and n m n is 1.0-10, preferably 1.0-5.0, more preferably 
1.0-2.0. 




general formula (27) 



where R8 is anyone of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol groups, and cyano groups, 
and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and ¥ is 1.0-10, preferably 1.0-5.0, more preferably 
1.0-2.0. 




m J' J 



&a r @&w 2 m\hwcHA- general formula (23) 



where R8 is any one of phenyl groups, alkyl groups of 1-1 2 carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol groups, and cyano groups, 
and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and "m" is 1.0-10, preferably 1.0-5.0, more preferably 
1.0-2.0. 
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x J 1 

^-<^H^CH 3 HS-A N t WHC ^U ventral fnrmuln (70) 



where R8 is anyone of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
groups ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol groups, and cyano groups, 
and -n- ,s 0.0-10. preferably 0.0-3.0. more preferably 0.0-1.0. and "m" is 1.0-10. preferabl? 1.0-5.0. more preferably 




eenerat fnrmijf n QQX 

where R8 is any one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl groups, hydroxylalkyl 
groups ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol groups, and cyano groups, 
f)?o « ,S P referal >ly 0.0-3.0, more preferably 0.0-1.0, and "m" is 1.0-10. preferably 1.0-5.0. more preferably 

P>129] The flame retardant resin material including the phenol condensate may be used for the frame retardant to 
the resin composition or the thermosetting agent in combination with other phenol resins or amine compounds. The 
available phenol resins in combination are not limited but may, for example, be phenolbiphenylaralkyl resins, phenol- 
phenylenearalkyl resins, phenoldiphenylaralkyl resins, naphthalene-containing phenol resins such as naphtholaralkyl 
resins phenoltriazme resins, at least one or combination of biphenyl-4,4'-dihydroxyether, and 3.3\5,5 , -tetramethyl bi- 
phenyl-4,4'-dihydroxyethr. tetraphenyrolethane, trisphenyrolethane, phenol novolac resins, cresol novolac resins bis- 
phenol A resin, bis-phenol F resin, bis-phenol S resin, polyphenol resin, aliphatic ester phenol resin, cyclic aliphatic 
ester phenol resin, and ether ester phenol resin. Available amine compounds in combination are not limited but may 
for example, be diamine diphenylmethane. diethylenetriamine. and diaminodiphenylsulfone. Those phenol resins and 
the amine resins may be used alone or in combination. Phenolbiphenylaralkyl resins, phenolphenylenearalkyl resins, 
phenoldiphenylaralkyl resins, and naphtholaralkyl resins are particularly preferable. 

[01 30] The flame retardant epoxy resin material of the present invention will subsequently be described The epoxy 
resin contained in the flame retardant epoxy resin material can be obtained by gtycidyl-etheriflcation of the phenol 
hydroxyl groups i of the flame retardant phenol resin materials with use of any compounds which are not limited but 
ajlowglyddyl-ethenflcation. For example, epihalohydrin such as epichlorohydrin. Glycidyl-etherification of substantially 
. i 18 ph . enolic "V*™* g^PS makes it easy to produce the resin composition which is superior in thermal 

stability or thermal decomposition resistance and the moisture resistance. Other method than the glycidyl-etherification 
for example, epoxidation to the phenolic hydroxyl group of the flame retardant resin material may be available by use 
of other compound including epoxy group. 

[0131] In orderfor the glycidyl-etherification of the phenolic hydroxyl groups, it is possible that the phenol condensate 
is sohred and mixed with an excess epihalohydrin such as epichlorohydrin and epibromehydrine and then an alkali 
metal hydroxide such as potassium hydroxide before and concurrently a reaction is caused at 20-120°C for 1-10 hours 
10132] The alkali metal hydroxide may be used in liquid state. In this case, the alkali metal hydroxide solution is 
continuously added into the reaction system and concurrently water and epihalohydrin are continuously removed under 
low pressure or atmospheric pressure prior to further separation to remove water whilst to return epihalohydrin to the 
reaction system. 

[0133] A solution mixture of the phenol condensate and epihalohydrin may be added with a catalyst of quaternary 
ammonium salt such as tetramethylammoniumchloride. tetramethylammoniumbromide. and trimethylbenzylammoni- 
umchlor.de for causing a reaction at 50-150-C for 1-5 hours to obtain a halohydrin ether before a solid or a liquid of 
the alkali metal hydroxide is then added to cause a further reaction at 20-120°C for 1-10 hours to form dehydrohalo- 
genatan. A molar ratio in use of the quaternary ammonium salt to hydroxyl groups of the phenol condensate of the 
present invention is normally 1-10g, preferably 2-8g. 

[0134] Normally, a molar ratio in use of epihalohydrin to the hydroxyl groups of the phenol condensate of the present 
invention is normally 1-20 mol. preferably 2-10 mol. A molar ratio in use of alkali metal hydroxide to the hydroxyl groups 
of the phenol condensate of the present invention is normally 0.8-1.5 mol. preferably 0.9-1.1 mol. In order to promote 
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the reaction, it is also possible to add alcohols such as methanol and ethanol, aprotic polar solvents dimethylsulfone 
and dimethylsulfdxide. An amount in use of alcohols to epihalohydrin is normally 2-20 % by weight, preferably 4-1 5 % 
by weight. An amount in use of aprotic polar solvents to epihalohydrin is normally 5-100 % by weight, preferably 10-90 
% by weight. 

5 [0135] Either after the reacted product of the glycidyl-etherification is cleaned with water or without water cleaning, 
epihalohydrin and the used solvents are removed at 110-250°C under pressure of not higher than 10 mmHg. In order 
to obtain the epoxy resin with reduced hydrolytic halogen, the epoxy resin is dissolved into a solvent such as toluene 
and methylisobutylketone and then an alkali metal hydroxide such as sodium hydroxide and potassium hydroxide to 
cause a ring-closing reaction. In this case, a molar ratio in use of alkali metal hydroxide to the hydroxyl groups of the 

to phenol condensate of the present invention used for the glycidyl-etherification is normally 0.01-0.3 mol, preferably 
0.05-0.2 mol. A reaction temperature is normally 50-1 20 P C, and the reaction time is 0.5-2 hours. 
[0136] After the reaction, the salt is removed with filtration or water cleaning before the solvent such as toluene and 
isobutylketone is then removed to obtain the epoxy resin having the flame retardant epoxy resin material of the present 
invention. 

is [01 37] Some examples of the above epoxy resins are represented by the following general formulae (31 M42). 
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genera! formula (37} 



where G is glycidyl group, R8 is any one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl 
25 groups; hydroxylalkyl groups, ether groups, ester groups, carboxyf groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and "m" is 1.0-10, preferably 
1 .0-5.0, more preferably 1 .0-2.0. 

-fe*§?^^ general formula (32) 

35 where G is glycidyl group, R8 is any one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and "m" is 1.0-10, preferably 
1 .0-5.0, more preferably 1 .0-2.0. 



^<*^<^ . general fnrrrtuln ( W 



where G is glycidyl group, R8 is any one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n w is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and V is 1.0-10, preferably 
so 1 .0-5.0, more preferably 1 .0-2.0. 



-^i§£h^ general formula (MX 

J a 
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TZZ G IIZ^mT R8 iS l" y ° ne ° f Phenyl 9roup8 ' a,kyl 9rOUpS of 1 - 12 at °ms. ami "° groups, hydroxyl 

Z' a ^ M 9 PS> 6ther 9rOUpSl 6Ster 9 rou P 8 ' carbox y groups, unsaturated hydrocarbon groups, thiol 



gsagad formula 



^?.n C G H S < ? ,yCi< ! y | I 9 !i OUP ' R8 iS ^ ° ne ° f Phenyl 9r0Ups ' a,kyl 9 rou P s of 1 - 12 c 3 " 50 " ato ™. ^ino groups, hydroxyl 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups ThS 

Z^SSSS^SS^ is 00 " 10, preferab,y 0(M0, more preferably °°- 10 ' and " m " is 1(M °' preferab,y 



I T ,a ^? liP ' 8 IS 3ny ° ne ° f phenyl group8 ' a,k y 9 rou P s of 1 " 12 atoms, amino groups, hydroxyl 

hy J roxylalkyl S^P 8 - etner g rou PS. ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n" is 0.0-10, preferably 0.0-3.0. more preferably 0.0-1.0. and "m" is 1.0-10, preferably 
1.0-5.0. more preferably 1.0-2.0. ».H">'«n»wy 



rJ? r f° 00 J* 



m 

general fir>rmufa (*?} 



!!l r^7 P ' R ® ' S T y ° ne of phenyl 9rou P s ' a,k y a™ 0 " 8 of 1 ' 12 atoms, amino groups, hydroxyl 

groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 

SXo SSiSSS^i?©"" fe 0 0 " 10, Preferab ' y 0(W 0 ' more P^rably 0.0-1.0. and "m" is 1.0-10. preferably 
- OG 

^ e G ; s H 9 lyci J y ! 1 ? roup ' R8 is any one of P nen y 9 rou P s . a'** groups of 1-12 carbon atoms, amino groups, hydroxyl 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n" is 0.0-10. preferably 0.0-3.0. more preferably 0.0-1.0. and "m» is 1.0-10. preferably 
1-0-5.0, more preferably 1.0-2.0. K ' 
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general formula (3Q) 



where G is glycldyl group, R8 is any one of phenyl groups, alkyt groups of 1-12 carbon atoms, amino groups, hydroxy! 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and n n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and "m" is 1.0-10, preferably 
1.0-5.0, more preferably 1.0-2.0. 




©-CR 



J, " 



general formula (4m 



where G is glycldyl group, R8 is any one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxy! 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and "m" is 1.0-10, preferably 
1.0-5.0, more preferably 1.0-2.0. 




. 0G . 0G |« 

"r^a^^ -cHt^-c^hn-SnSWch)- general formula (47). 



where G is glycldyl group, R8 is any one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1 .0, and n m H is 1 .0-10, preferably 
1.0-5.0, more preferably 1.0-2.0. 




where G is glycidyl group, R8 is any one of phenyl groups, alkyl groups of 1-12 carbon atoms, amino groups, hydroxyl 
groups, hydroxylalkyl groups, ether groups, ester groups, carboxyl groups, unsaturated hydrocarbon groups, thiol 
groups, and cyano groups, and "n" is 0.0-10, preferably 0.0-3.0, more preferably 0.0-1.0, and "m" is 1.0-10, preferably 
1.0-5.0, more preferably 1.0-2.0. 

[0138] The flame retardant resin material including the epoxy resin may be used for the frame retardant to the resin 
composition or the base material of the epoxy resin composition in combination with other phenol resins or amine 
compounds. The available epoxy resins in combination are not limited but may, for example, be phenolbiphenylaralkyl 
epoxy resins, phenolphenylenearalkyl epoxy resins, phenoldiphenyletheraralkyl resins, naphthalene-containing epoxy 
resins such as naphtholaralkyl epoxy resins, phenoltriazine resins, phenolanthracenearalkyl epoxy resins, bisphenol 
fluorene epoxy resins, phenoltriazine epoxy resins, at least one or combination of biphenyl-M'-diglycidylether, and 
S^'^S'-tetramethyl biphenyl-4,4'-dlglycidylether, tetraphenyrolethane epoxy resins, trisphenyrolethane epoxy resins, 
phenol novolak epoxy resins, cresol novolak epoxy resins, bis-phenol A epoxy resin, bis-phenol F epoxy resin, bis- 
phenol S epoxy resin, polyphenol epoxy resin, aliphatic ester epoxy resin, cyclic aliphatic ester epoxy resin, and ether 
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e *Z eP °7 reS '"- Available amine compounds in combination are not limited but may. for example, be glycidyl amine 
Zte u£,T 88 diamin ° ( ; ipheny,methane - dieth V ene and diaminodipheny.su.tbne T^ose epo^ ™ins 
* COmblnation - Pheno.bipheny.ara.kyl epoxy resins. phenolphenylenearalky. epoxy res^s. phe! 

nold.phenyletherara.kyl epoxy resins, and naphtholaralkyl epoxy resins are particularly preferable. 
™2L ^ * e '9 nt - avera 9 e molecular weight of the phenol condensate included in the flame retardant phenol resin 
material of the present mvention is not limited but may. for example, be.300-10000. A weight-average molecular wSS 

teVexam^b?'^^ 

l ^ M ^^T te ^ 6 flam8 4 retardant reSi " material of 0,6 present inven « on is substantially free of unreaded 
formaldehydes and methylol groups to improve mixing stability with the epoxy resin or thermosetting agent in use as 
the base material or thermosetting agent 

[0141] An unreacted unifunctional phenol monomer included in the flame retardant resin material of the oresent 

no ! more th f n 3% by wei9ht in or6er to improve * e mbdn ^ 

thermal stability and moisture resistance of the epoxy resin composition 

[0142] The unreacted unifunctional phenol monomer means a phenol monomer including only one phenolic hydrexyl 
group which may be reacted with epoxy groups. nyaroxyi 
£0143] The flame retardant resin composition of the present invention includes the flame retardant phenol resin ma- 

mlfoH^^^f ! ° P I! Pare . a miXtUre ° f flame retardant P neno1 resin the flame retardant epoxy resin 

fZSSi. ? ' ? ^ P 088 ' 1516 ,0 Prepare 8 miXtUre of flame reta « lant P" a "°' ^in materia, and the 

SalTja^eSr and thermosetting the mixture and then grind- 

oblSL ^f^T^T 2? "f 86 "* invention - a total P9 of the phenol condensate and the epoxy resin 

obtained by the glycidyl^thenfication of the phenol condensate is preferably in the range of 0.1% by weigM to45% 
by weight partcuterly preferable 0.3% by weight to 30% by weight, where X = (b/a)1ob, "a" is a total w2ght ofSe 

ZZ r^L° f S 6 reS ' n COmP ° Siti0n ' " b " is a total wei 9 ht of *° P*™* condensate and the epoxy resin c^nS 
by the glyadyl-ethenfication of the phenol condensate. 

f ISLJl^ tote j < Weignt J s ,3SS tnan 01% ^ weight, then an amount of flame reducing gas of nitrogen based gas 
£Z Z? 7 V? % ? S ° r flame - ' f the total wei9ht is ,ess 013,1 45,6 bv ^'9"*. " is Possible that the obtained 
IrSEST"? J*. ' nSUfflClent ' and a,so P 083 *' 3 that a concentration of the heterocyclic compound having nitrogen 
as heteroatom in the resin composition is so high as reducing the moisture resistance 

ZSL^tS!^, T 6 them,osettin 9 agent for *e epoxy resin may be contained in the flame retardant 

^ ^^1^0^%^ IT** 0 "- A ^ (0H/EP) ° f 8 tota ' number (E P> of W g«>ups in the epoxy resin 
E££S^? ( ?l? hyd ~^9roups in the them,osetting agent is preferably in the range of 0.7to2.5^orter to 
T re ^ da , nC I° f -^f reSin " ' f ^ mti0 ( ° WEp) is le8s * an °- 7 ' a Operated amount of a flammable 
hv 38 ally,a J coho1 ,S lnCreaSed dUe to residual ^ resin residi "9 on a bridge structure which has been 
/oh^ «u 9 aS > 6nt and *" e 6pOXy resin ' therBby P™***"* improvement in the flame retardancy. If 

the ratio (OH/Ep) is more than 2.5. then the bridge density is too low to harden the epoxy resin composition whereby 
the thermal stability and the solidity are Insufficient. composraon. wnereoy 

ITS a Tba flarne retardant 4 re sin composition of the present invention may optionally include various additives such 
as niier and hardening promoter. 

SowrtL 2! 52? re T "?Ji mited 5* 7* f ° r eXample ' be ^ Si,ica P""*""' Cf y stal sl,,ca Peters, alumina 
bT^atonToVrr^re* 8 ' ^ ^ **■ " ar ° matiC P ° ,yamide fibere - 771036 fil,ers ™* 

LvUSio ^ Va il ab ' e narden j n9 P™ motere ma V ba Promoters for hardening the epoxy resin and the hardening agent, for 
n^u^ 

ZSL ^a^i'ableaddrtives may. for example.!^ coloring rnaterials such as cartoon black, silane coupling agents 

^fJ7i^ e ^ Py i^ m8 ^ iten8 ' ' OW Stress com P° nents such as silicone oils and silicone rubbers naterS 

Z^hTS TT ? her ^ aCld8 ' and metal 83,13 thereof ' mold re,3a *» agents such as paraffin. Further, if 

™ 1^? T be C °" USed "** COmpnses 3t ,east one 33,ecta d from the groups of phosphorus 

SlTm rS^L^f and 6Ster PhOSphate ' meta ' hydrOXide "* 33 magnesium, aluminum.^, boro^ 

calcium, nickel, cobalt tin, copper, iron, and titanium. 

J2 8 Z?' 8 may ^ PrDVided 0181 0,6 fiame reter dancy is improved by cc-use of the metal oxide 

7? ^ ^ S "! CeS8ary am0Unt addit, ° n 0f ■» above flame ret3rtant is small because the flame re- 
tardant includes the flame retardant phenol resin martial and/or the flame retardant epoxy resin martial wherebv anv 
defeneration in moisture resistance and other properties are suppressed whereby any 
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[01 52] The thermosetting resin composition including the flame retardant resin material of the present invention may 
be produced by previously admixing by ribbon blender or Henschel mixer and subsequent mixing with use of heating 
roller or kneader or subsequent dissolving the same into an organic solvent. After the organic solvent and moisture 
are if any removed before a transfer molding press or a heating press is used under predetermined conditions to heat 
5 the resin composition so as to cause a bridge reaction for hardening the resin composition, whereby the hard resin 
composition having a high flame retardancy can be obtained. 

[0153] Semiconductor devices using the sealing material of the epoxy resin composition including the flame retardant 
resin material of the present invention are also superior in high flame retardancy, thermal stability or thermal decom- 
position resistance and moisture resistance. For example, a semiconductor device is mounted on a die pad of a lead 
fo frame for wire-bonding before sealing the semiconductor device with a resin composition including the flame retardant 
resin material of the present invention. The above epoxy resin composition may be applied to a lead on chip resin- 
sealed semiconductor device, and a ball grid array resin-sealed semiconductor device. The above epoxy resin com- 
position may also be applied to the sealing resin for various types of electric and electronic devices including semi- 
conductor devices. 

15 [01 54] The above epoxy resin composition including the flame retardant resin material of the present invention may 
be used as an insulator for a printed wiring board including glass fibers for improvements in flame retardancy, thermal 
stability or thermal decomposition resistance and moisture resistance. The above epoxy resin composition including 
the flame retardant resin material of the present invention may further be used as molding materials, cast materials, 
adhesives, coloring materials for improvements in flame retardancy, thermal stability or thermal decomposition resist- 

20 ance and moisture resistance. 

[0155] The above thermoplastic resin composition including the flame retardant resin material of the present invention 
may be produced by extruders such as a uniaxial extruder, a biaxial extruder, a stone grinder type extruder. After the 
moisture is if any removed before an injection molding machine or a heating press is used under predetermined con- 
ditions to form the thermoplastic resin composition having a high flame retardancy. 

25 [0156] Examples of the present invention and comparative examples will hereinafter be described, wherein a filler 
is used which comprises a molten spherical silica particles which has an average particle diameter of 16 micrometers 
and a specific surface area of 1 .9 rr^/g measured by BET method, wherein particles having diameters of not less than 
75 micrometers are 0.5% by weight. 

[0157] Silane coupling agent is used which comprises N-phenyl- y-aminopropyltrirnethoxysilane (KBM573) which is 
30 commercially available from Shin-Etsu Chemical Industries Co. 



[0158] A flask was attached with a temperature gage, a dripping funnel, a cooling tube, a fractionating column and 
35 a stirrer. 99 parts by weight (1 .05 mo!) of phenol and 121 parts by weight (0.5 mol) of a compound represented by the 
following general formula (43) were entered into the flask. At room temperature, a stirring is made with nitrogen blowing. 
0.5 parts by weight (0.0026 mol) of p-toluene sulfonic acid (1-hydrate) was gradually added into the flask with attention 
to heat generation and without rising temperature of the solution to over 50°C. In oil bath, a heating was made to rise 
the temperature up to 120°C so that, by use of the fractionating column, methanol was extracted before a reaction is 
to allowed for 5 hours. After the reaction, 500 ml of methylisobutylketone was added and then an organic layer was 
transferred into a separating funnel for subsequent water cleaning which is continued until the cleaning solution be- 
comes neutral. The used solvent and unreacted unifunctional phenol were removed from the organic layer with heating 
and under a low pressure, thereby obtaining a condensate (E) represented by the following formula (44). 



EXAMPLE 1 : 



45 




general formula (43) 



50 



(^ch^^ch^ch,]^--^^ general for mu l a (44) 




55 



where "n" is 0.0 to 1.0. 
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EXAMPLE 2: 



« weight (0 01 mol) of 25wt% X. « 1 0 41 - 5w »%-f°nroldehyde solution and 0.2 parts by 

genereL A ^ 

under an atmospheric p^Sre witt wrf* re ™ a i V"* riSinS tem P erature «* <° 1 WC for 2 hours 
low pressure to o^^^^^^fi^^^ ^"stances were then removed under a 

equivalent of 252 as weH ^^a ^S^TZor ^^^ ° f 8% by Weight and 8 9™** 
w the following general fomSa JS) Phen °' condensate < P1 > is presented in 



45 



50 



55 



cpi; 



ggftgrfl/ formula tff) 



20 where "n" is 0.0 to 1 .0, and "m" is 1 .0 to2.0. 
EXAMPLE 3: 



30 added for placing the solution at 70»C for 3 h™,« t« ^ ^ °° ° f 20wt % - sodi "f" hydroxide solution was 

of 308 as wett as ha Wg a SSenK 
^ obtained epoxy resin <S>vT^£ SS^^SP" ^ ^ *" ^ ^ ™° 

(PE1J 



where "n" is 0.0 to 1.0, and "m" is 1.0 to 2.0. 
EXAMPLE 4 : 
[0162] 



following 9^^^^^^^^ J* ^^J* 8 "*"> of a «W"d represented by the 
0.5 parts by weight (0.0026 XTp""^ 

to heat generation and without risino tem~™Z» 2 f» ( ; hyd ? te) was 9 ra d"ally added into the flask with attention 
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10 



15 



20 



30 



35 



H 3 COH 2 C-<o>-CH 2 OCHj „ , fm 

3 general formula (47), 



(?) 

OH OH OH 

C^CH,^ 



general formula (48) 



where "n" is 0.0 to 1.0. 
EXAMPLE 5: 



[0163] 63.8 parts by weight (0.22 mol) of the condensate (F) obtained in Example 4 was added with 26.4 parts by 
weight (0.22 mo!) of melamine, 8.1 parts by weight (0.11 mol) of 41.5wt.%-forrnaldehyde solution and 0.2 parts by 
weight (0.01 mol) of 25wt.%-ammonium solution for gradually rising the temperature up to 1 00°C with attention to heat 
generation. A reaction was made at 100°C for 5 hours before further rising the temperature up to 180°C for 2 hours 
25 under an atmospheric pressure with water removal. Subsequently, unreacted substances were then removed under a 
low pressure to obtain a phenol condensate (P2) having a nitrogen content of 8% by weight and a hydroxyl group 
equivalent of 245 as well as having a softening point of 92°C. The obtained phenol condensate (P2) is represented in 
the following general formula (49). 



(PZ) 



where "n" is 0.0 to 1 .0, and "m n is 1 .0 to 2.0. 

40 

EXAMPLE 6 : 

[0164] 25 parts by weight (0.05 mol) of the phenol condensate (P2) obtained in Example 5 was added with 50 parts 
by weight (0.54 mol) of epichlorohydrin to rise the temperature up to 105°C for dissolution thereof. Further, 20 parts 
4* by weight (0.1 mol) of 20wt.%-sodium hydroxide solution was dropped for 3 hours for placing the solution statically for 
30 minutes to cause a static separation before a lower layer or a water layer was removed. 

[0165] Subsequently, the excess epichlorohydrin was dlstiilated and recycled. 20 parts by weight (1.2mol) of meth- 
ylisobutylketone was added and dissolved. 0.5 parts by weight (0.0025 mol) of 20wt.%-sodium hydroxide solution was 
added for placing the solution at 70°C for 3 hours to cause a static separation before a lower layer or a water layer 
50 was removed. The reminder was then cleaned with 200 parts by weight of a distilled water. A volatile component was 
removed by distillation to obtain an epoxy resin (EP2) having a nitrogen content of 6% by weight and an epoxy equivalent 
of 270 as well as having a softening point of 69°C and including hydrolytic chlorine of not more than 400 ppm. The 
obtained epoxy resin (EP2) is represented in the following general formula (50). 



23 



EP 1 013 684 B1 



(BP2] 

Jn * general fnrmuln (W) 

where G is glycidyl group, "n" is 0.0 to 1.0, and "m" is 1.0 to 2.0. 

£«!!L E T y I!f inS ther ™f ettin 9 ^enis «*•«» in the following examples and comparative examples are rep- 
resented n the followng general formulae (51) through (60) and thermoplastic resins used in the following examples 
and comparative examples are shown. 

(phenolbiphenylaralkyl epoxy resin (epoxy resin 1)) 
[0167] 



OG 0G 



(khCH^^h^S-o^p^-cHr^ general formula (V) , 

where "G" is glycidyl groups, "n" = 0.0 to 10, softening point is 57»C. epoxy equivalent is 270. 

(phenolbiphenylaralkyl resin (phenol resin 1)) 

[0168] 



OH 0H 



general formula (221 



where "n" = 0.0 to 10, softening point is 120°C, hydroxyl group equivalent is 208. 

(phenolphenylenearalkyl epoxy resin (epoxy resin 2)) 

[0169] 



general formula 

where "G" is glycidyl groups, "n" = 0.0 to 10, softening point is 55»C, epoxy equivalent is 238. 
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(phenolphenylenearalkyl resin (phenol resin 2)) 
[0170] 



general formula (541 



where M n" = 0.0 to 10, softening point is 83°C, hydroxy! group equivalent is 175. 

(2-functional biphenyf epoxy resin (epoxy resin 3)) 

[0171] 

where melting point is 111°C, epoxy equivalent is 170. 
(cresol novolak epoxy resin (epoxy resin 4)) 
[0172] 



zeneral formula 




zeneral formula (2$) 



where V = 0.0 to 10, softening point is 68°C, epoxy equivalent is 194. 

(phenoltriazine epoxy resin) 

[0173] 




0G j^ 2 



where M G W is glycidyl groups, n n B = 0.0 to 10, "m" = 1.0 to 10, softening point is 65°C, epoxy equivalent is 220, nitrogen 
content is 6% by weight. 
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(phenoftriazine resin) 
[0174] 
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10 



15 




J3 

CH 2~C^H 2 HN^n^CH^- general formed (W) 



20 



25 



30 



35 



Jm 

8% by weight. 0 10 ^ ^ = 1 "° t0 1 °' S ° ftenin9 POW ' S 9 °° C ' 9r ° UP e 1 uiva,ent ls 124 > nitro 9en content is 

(phenol benzoguanamine resin) 

[0175] 

.OH OH * JJA 



where "n" = 0 0 to 10. "m» = 1.0 to 10, softening point is 105°C, hydroxyl group equivalent is 220, nitrogen content is 
1 9% by weight. 

(phenol benzoguanamine epoxy resin) 
[0176] 



40 



OG 0G %* Hs 

~ ^CH2H^H 2 HN^^CH 2 j|- 



eeneral formula (£Q) 



45 



SO 



c^nte^tTfsKy^eighr 8 ' = °"° *° 1 °' """" = 1 '° t£> 1 °' SOfteni " 9 ^ " 8 °° C ' 6POXy ^ uiva,ent is 276 ' nitr °9 en 
(thermoplastic resin composition 1) 

[0177] acrylonitrile butadiene styrene copolymer : Sumitomo Chemical A &L GA-704. hereinafter referred to as 

Ado . 

(thermoplastic resin composition 2) 

[01 78] polystyrene resin : Shin-Nitetsu Sumitomo Chemical H-65, hereinafter referred to as "PS". 
55 EXAMPLE 7 : 

[0179] At ordinary temperature, there were previously admixed 11.2 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 7.5 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1 .4% by weight of the above 
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phenol condensate (P1) obtained In Example 2, 79.0% by weight of fused spherical silica powders, 0.4% by weight of 
carbon black, 0.1 % by weight of silane coupling agent, 0.2% by weight of carnauba wax, 0.2% by weight of triphenyf 
phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and then the mixture 
was cooled and crushed to form the resin composition. 

[0180] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

EXAMPLE 8 : 

[01 81] At ordinary temperature, there were previously admixed 1 0.0 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 8.7 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1 .4% by weight of the above 
epoxy resin (EP1 ) obtained in Example 3, 79.0% by weight of fused spherical silica powders, 0.4% by weight of carbon 
black, 0. 1 % by weight of silane coupling agent, 0.2% by weight of carnauba wax, 0.2% by weight of triphenyl phosphine 
(T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and then the mixture was cooled 
and crushed to form the resin composition. 

[0182] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

EXAMPLE 9 : 

[01 83] At ordinary temperature, there were previously admixed 5.99 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 4.94 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1.17% by weight of the 
above phenol resin (P1) obtained in Example 2, 88.4% by weight of fused spherical silica powders, 0.2% by weight of 
carbon black, 0.1% by weight of silane coupling agent, 0.1% by weight of carnauba wax, 0.1% by weight of triphenyl 
phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and then the mixture 
was cooled and crushed to form the resin composition. 

[0184] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

EXAMPLE 10: 

[01 85] At ordinary temperature, there were previously admixed 1 1 .2 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 7.5 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1 .4% by weight of the above 
phenol condensate (P2), 79.0% by weight of fused spherical silica powders, 0.4% by weight of carbon black, 0. 1 % by 
weight of silane coupling agent, 0.2% by weight of carnauba wax, 0.2% by weight of triphenyl phosphine (T.T.P). There- 
after, the admixture was made on a roll of 100°C for about 5 minutes and then the mixture was cooled and crushed to 
form the resin composition. 

[0186] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

EXAMPLE 11 : 

[0187] At ordinary temperature, there were previously admixed 10.0 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 8.7 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1 .4% by weight of the above 
epoxy resin (EP2), 79.0% by weight of fused spherical silica powders, 0.4% by weight of carbon black, 0.1 % by weight 
of silane coupling agent, 0.2% by weight of carnauba wax, 0.2% by weight of triphenyl phosphine (T.T.P). Thereafter, 
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earned out at 175°C for 6 hours to form a flame retardant test sample plate 
EXAMPLE 12 : 



phenof^ resin <P hen °' ^in2). 1.4% by weightof tSa£v? 

p viiui cunaensaxe i^j, f9.o% by weight of fused sphencal silica powders, 0.4% by weiaht of carbon hlar> rn^hw 

l ™ 9 °* I h f l . fBS '" C ° mp ° Sition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of ejection time of 15 

r^KZ^Ef 78 PreSSUre) ° f 100 a """"B temperature of 175^0 jTZEJiS of 

. " ^°, rdanCe Wth 1,16 UL94 flame Nation regulation. Subsequently, thermosetting onS wa s 
earned out at 175°C for 6 hours to form a flame retardant test sample plate 9 P 



EXAMPLE 13 : 



S1VL I tem P era *" re of 220°C, on a stone grinding extruder, there were fused and admixed 10 0% by weiaht of 
" ? nSate (P1) ' 89 - 5% bV Wei9ht of *• above A 53 (thermopiastic rSn 7) 0 5% b^Sw o 

bSSSSSf^ ( f! 10 3 ^ ""P 0 *" 0 "- ™ 8 res,n composition was dried a WC tor7K£ 
before press-molding is earned out at 200»C for 1 minute to form a flat plate having a thickness of 3.2 millimeter 

EXAMPLE 14 : 

l £l 9 l!L M ! ten ; pera ! ure of 220-C. on a stone grinding extruder, there were fused and admixed 10 0% by weiaht of 
theabove phenol condensate (P1). 89.5% by weight of the above PS (thermoplastic resin 2? 05* by weianTo) ool^ 
tefrefluoroethylene (PTFE) to form a resin composition. This resin composition was <Z S 2 rj? 5 

SSSr^nSSC^^ 1 ^ 1 . T * to form a flat p,ate havin9 a thlckness of « "S££E™ 

JorSn . t ? If* Plates ODta,ned m ^ples 7-14 were evaluated on flame retardancy. a boiled water ab- 
sorption coefficient, a thermal stability and a moisture resistance. 

Flame retardancv examination : 

EI!? ^T' 8 P ' ate h8S 8 Si2e ° f 127 mm in ,enatn - 12 7 in wit* and 1 .6 or 3.2 mm in thickness The olate was 
of^llTT h ?' der (damP> S ° that 8 ■o^™" 8 ' directton ° f *• Plate is vertical bTgS22l 
of tt,e plate to the clamp was exposed to a flame by a burner for 10 seconds before the bumeVwas m^de Kmlhe 

£££ ? to ,TT7 '** n » dUrin9 the flame on the plate attertte b^meTnaa E£ made 
?Lm m h th P I 6 (fir8t ^ fter - flam8 time = F1 >- Mer the fl ame had disappeared, then the platewTs again 
lEEU H^ « er for 10 SeC ° ndS before me bumer Ws matte 1* the plate so as to meTurea aSStame 
onlneT™^ 

on the flame retardancy. There are four flame retardancy criterions. evaiuanon 
Highest criterion (UL94 V-0) 

[0195] XFS50 seconds (ZF = total time of individual after-flame times of five plates) / FmaxSIO seconds iFma* - 
High criterion (UL94 V-1) 

[01 96] XF^250 seconds (IF = total time of individual after-flame times of five plates) / Fmax^30 seconds (Fmax = 
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longest one of two after-flame times F1 and F2. / No drip (drip = drip of a melt part of the plate due to flame)/Rame 
does not reach the clamp. 

Low criterion (UL94 V-2) 

5 

{0197] ZF^250 seconds (EF = total time of individual after-flame times of five plates) / Fmax^30 seconds (Fmax = 
longest one of two after-flame times F1 and F2. / drip (drip = drip of a melt part of the plate due to flame) /Flame does 
not reach the clamp. 

10 Lowest criterion (UL94 V-2) 

[0198J EF>250 seconds (ZF = total time of individual after-flame times of five plates) / Fmax>30 seconds (Fmax = 
longest one of two after-flame times F1 and F2. / Drip (drip = drip of a melt part of the plate due to flame) /Flame does 
reach the clamp. 



15 



25 



30 



Boiled water absorption coefficient examination : 



[01 99] The resin composition in Example 7 were formed in a disk-shape of 50 millimeters in diameter and 3 millimeters 
in thickness. The disk-shaped resin composition was dipped into a boiled water at 100°C for 24 hours. The boiled water 
20 absorption coefficient (% by weight) was found on the basis of variation in weight of the disk-shaped resin composition 
between after and before the disk-shaped resin composition was dipped into the boiled water. Results of evaluations 
on the boiled water absorption coefficient are shown on below Table 1. 



Thermal stability (thermal decomposition resistance) examination : 

[0200] The plate of the flame retardation test of Example 7 was crushed to form 10g of powders of 80 micrometers 
in powder size. The powder was heated at a temperature rising rate of 200°C/min in an air with a flow rate of 200 ml/ 
min. When 5wt.% reduction was confirmed, the temperature was measured. Results of evaluations on the thermal 
stability are shown on below Table 1. 

Moisture resistance examination : 



[0201] A silicon chip of 3.0 millimeters in longitudinal length, 3.5 millimeters in horizontal length and 3.5 millimeters 
in thickness was prepared, wherein aluminum wirings with a width of 10 micrometers are provided at a pitch of 10 

35 micrometers, and the aluminum wirings have expanding square parts of 70 micrometers squares on pads. The chip 
was mounted on a 16pins DIP 42-aloy frame so that gold wirings of 20 micrometers were wire-bonded directly on the 
pads of the chip. Thereafter, the single plunger type transfer molding machine was used to seal the chip with the above 
tablet of Example 7 under conditions of previous heat temperature of 85°C, injection time of 15 seconds, injection 
pressure (effective pressure) of 100 kg/cm 2 , molding temperature of 175°C, molding time of 120 seconds, thereby 

*o forming a 16 pins DIP type semiconductor device of 18 millimeters in longitudinal length, 5 millimeters in horizontal 
length and 3 millimeters in thickness. The semiconductor device was then subjected to the thermosetting process at 
1 75°C for 4 hours to form the moisture resistance test sample. 

[0202] Tens of the above semiconductor device were subjected to a pressure cooker bias test (PCBT) under condition 
of 20V voltage application. When open defective rate becomes 20% or two semiconductor devices become defective, 
45 the time was measured as index of the moisture resistance. Long defective generation time means high moisture 
resistance. Results of evaluations on the moisture resistance are shown on below Table 1. 
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COMPARATIVE EXAMPLE 1 : 

[0203] At ordinary temperature, there were previously admixed 1 1 .9 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 6.8 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1.4% by weight of phenoltri- 
azine resin having nitrogen content of 8% by weight, 79.0% by weight of fused spherical silica powders, 0.4% by weight 
of carbon black, 0.1% by weight of silane coupling agent, 0.2% by weight of camauba wax, 0.2% by weight of triphenyl 
phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and then the mixture 
was cooled and crushed to form the resin composition. 

[0204] ''The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0205] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 2. 

COMPARATIVE EXAMPLE 2 : 

[0206] At ordinary temperature, there were previously admixed 9.8 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 8.9 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1.4% by weight of phenoltri- 
azine epoxy resin having nitrogen content of 6% by weight, 79.0% by weight of fused spherical silica powders, 0.4% 
by weight of carbon black, 0.1% by weight of silane coupling agent, 0.2% by weight of camauba wax, 0.2% by weight 
r of triphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and then 
the mixture was cooled and crushed to form the resin composition. 

[0207] The resin composition was compressed to form a tablet. This tablet was previously heated at 85° C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175 D C for 6 hours to form a flame retardant test sample plate. 

[0208] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 2. 

COMPARATIVE EXAMPLE 3 : 

[0209] At ordinary temperature, there were previously admixed 6.07 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 4.86 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 0.17% by weight of phenol- 
triazine resin having nitrogen content of 8% by weight, 88.4% by weight of fused spherical silica powders, 0.2% by 
weight of carbon black, 0.1 % by weight of silane coupling agent, 0.1 % by weight of camauba wax, 0.1 % by weight of 
triphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 6 minutes and then the 
mixture was cooled and crushed to form the resin composition. 

[0210] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0211] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 2. 

COMPARATIVE EXAMPLE 4 : 

[0212] At ordinary temperature, there were previously admixed 6.0 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 5.1 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 88.4% by weight of fused 
spherical silica powders, 0.2% by weight of carbon black, 0.1% by weight of silane coupling agent, 0.1 % by weight of 
camauba wax, 0.1% by weight of triphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C 
for about 5 minutes and then the mixture was cooled and crushed to form the resin composition. 
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seauent ^fdino hvT P f T °° mpressed to form a tablet - ™3 tablet was previously heated at 85°C for sub- 
ZS£ an »lt r *?« 2 Un9er tranSfer m ° ,ding m8Ch,ne under «»ndi«on8 of an injection time of 15 

S^SLTS^ Pressure effectove pressure) of 100 kg/cm* a molding temperature of 175°C. a molding time of 

cfmeTo^t 7^ «T ^ UL94 flame retardati0n regu,a « on - Subsequently, thermosetiJng processes 
earned out at 175°C for 6 hours to form a flame retardant test sample plate a process was 

[0214] The molded test plates obtained in this comparative example was evaluated on flame retardancv a boiled 



COMPARATIVE EXAMPLE 5 : 



Snf^lT " 1 I PartS by WSightof Pnono'Phenylenearalkyl resin (phenol resin 2), 1.4% by weight of phenoN 
Sht m 9 COntent ° f 8% ^ we, '9 ht ' 79 0% * weight of fused spherical silica powdens 0 4% by 

♦rinn^nvi h /t tmsI^^^ weight of silane coupling agent, 0.1 % by weight of camauba wax, 0.1 % tw wetaht of 
tnphenyl phosphrne (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and^ tti 
mixture was cooled and crushed to form the resin composition. 

S!!2L ^fJ**^ comp ° sition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent moldmg by use of a single plunger type transfer molding machine under conditions of an injection time of 15 

5£££T ZO?**™ £S" V " PreSSUre) * 100 k9/Cm2 ' 3 mo,di "9 ^perature of 175"C. a moving time of 

can^eToul at tSSSTSJS m fla ™ retarda «°" «*" la «°"- Subsequent*, thermosetting process was 
earned out at 175 C for 6 hours to form a flame retardant test sample plate 

[0217] The molded test plates obtained in this comparative example was evaluated on flame retardancv a boiled 
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COMPARATIVE EXAMPLE 6 : 

Sr^ A il te r eratU ? °I 220 ° C ' ° n 3 8t ° ne 9rinding extruder ' tnere were ^ed and admixed 99.5% by weight of 
™ s S ™ (tharm °P ,as, ' c re r 1 >- 0 5 % ^ weight of po.ytetraf.uoroethy.ene (PTFE) to form a resin composition 

HZ , t , TT^ 0 " T dn6d * 12 °° C for 3 houre before P^s-molding is carried out at 200°C for 1 mtoto 
form a flat plate having a thickness of 3.2 millimeters. m,nuie ro 

10219] The molded test plates obtained in this comparative example was evaluated on flame retardancv a boiled 
COMPARATIVE EXAMPLE 7 : 

Srtri^inJ!^ 8 ^ ° f 2°° C * ° n 8 81008 9rinding extmder - tnere were and admixed 10.0% by weight of 
ffTSEEZT 7™2 ?. ntent ° f 8% ° y Wei9ht ' 89 5% by wei 9 nt of above ABS (thermopLTc rasfo 

20° C for 3 Z 9 ^f^ 0 ^ thy,ene (PTFE) *° f ° m 3 re8in ^Po^on- This resin composition was dried at 
3 2 m^Sen 0 P ress ^ old ' na 18 out at 200"C for 1 minute to form a flat plate having a thickness of 

[0221] The molded test plates obtained in this comparative example was evaluated on flame retardancv a boiled 

ssri: se stabimy and a • ~ - — o: a t n h?mor re 

COMPARATIVE EXAMPLE 8 : 

KfS,v^U t te r Perat, !!l? 220 ° C ' °" 3 81008 9rinding extnjder ' tnere were ^ a "d admixed 99.5% by weight of 
above PS (thermoplastic resin 2). 0.5% by weight of polytetrafluoroethylene (PTFE) to form a resin mraHton 

form 7Z C °T P f Srt, ° n T dri8d at 120 ° C for 3 "°ure before press-molding is carried out at 2^)™E 
form a flat plate having a thickness of 3.2 millimeters. minuie ro 

[0223] The molded test plates obtained in this comparative example was evaluated on flame retardancv a boiled 
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EXAMPLE 15: 



E2S#n? rf^S y We ' 9 (05 m0,) ° f the condensate (E) obtained in Example 1 was added with 93.85 parts by 
weight (0.5mol)of benzoguanamine. 52.7 parts by weight (0.65 mol) of 37wt.%-formaldehyde solution and 0.879 parts 
by weight (0 015 mol) of 29wt%-anr»monium solution for gradually rising the temperature up to 100°C with attention to 
heat generaton. A reaction was made at 100°C for 5 hours before further rising the temperature up to 180°C for 2 
hours under an atmospheric pressure with water removal. Subsequently, unreacted substances were then removed 
under a low pressure to obtain a phenol condensate (P3) having a nitrogen content of 10% by weight and a hydroxy! 
groups equivalent of 260 as well as having a softening point of 120-C. The obtained phenol condensate (P3) is rep- 
resented in the following general formula (61). 



r OH ( P o H C 8 H, 

Jm 

general formula 

where "n" is 0.0 to 1 .0, and "m" is 1 .0 to 2.0. 
EXAMPLE 16: 

[0225] 25 parts by weight (0.05 mol) of the phenol condensate (P3) obtained in Example 15 was added with 50 parts 
by weight (0.54 mol) of epichlorohydrin to rise the temperature up to 115°C for dissolution thereof. Further, 20 parts 
by weight (0.1 mol) of 20wt.%-sodium hydroxide solution was dropped for 3 hours for placing the solution statically for 
30 minutes to cause a static separation before a lower layer or a water layer was removed 

, Subsequently, the excess epichlorohydrin was distillated and recycled. 20 parts by weight (2mol) of methyl- 
iMbt^ketone was adtled and dissolved. 0.5 parts by weight (0.0025 mol) of 20wt.%-sodium hydroxide solution was 
added for placing the solution at 70°C for 3 hours to cause a static separation before a lower layer or a water layer 
was removed. The reminder was then cleaned with 200 parts by weight of a distilled water. A volatile component was 
removed by distillation to obtain an epoxy resin (EP3) having a nitrogen content of 9% by weight and an epoxy equivalent 
of 316 as well as having a softening point of 80°C and including hydrolytic chlorine of not more than 400 ppm. The 
obtained epoxy resin (EP3) is represented in the following general formula (62) 




'n 

general formula (67.) 



where G is gfycidyl group, "n" is 0.0 to 1.0, and "m" is 1.0 to 2.0. 
EXAMPLE 17: 



1 3 4 j> 3 - 4 Pa** by weight (0.5 mol) of the condensate (F) obtained in Example 4 was added with 93.85 parts by 
weight (0.5 mol) of benzoguanamine. 52.7 parts by weight (0.65 mol) of 37wt.%-formaldehyde solution and 0.879 parts 
by weight (0.015 mol) of 29wt%-ammonium solution for gradually rising the temperature up to 100°C with attention to 
heat generation. A reaction was made at 100°C for 5 hours before further rising the temperature up to 180°C for 2 
hours under an atmospheric pressure with water removal. Subsequently, unreacted substances were then removed 
under a low pressure to obtain a phenol condensate (P4) having a nitrogen content of 10% by weight and a hydroxyl 
groups equivalent of 226 as well as having a softening point of 110°C. The obtained phenol condensate (P4) is repre- 
sented in the following general formula (63). 
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(P4) 



^<M^®^*^-C«j)h@>^ general formula (fiV 



where "n" is 0.0 to 1.0, and V is 1.0 to 2.0. 
EXAMPLE 18 : 

[0228] 25 parts by weight (0.05 mol) of the phenol condensate (P4) obtained in Example 1 7 was added with 50 parts 
by weight (0.54 mol) of epichlorohydrin to rise the temperature up to 115°C for dissolution thereof. Further, 20 parts 
by weight (0.1 mol) of 20wt.%-sodium hydroxide solution was dropped for 3 hours for placing the solution statically for 
30 minutes to cause a static separation before a lower layer or a water layer was removed. 

[0229] Subsequently, the excess epichlorohydrin was distillated and recycled. 20 parts by weight (1.2mol) of meth- 
yilsobutylketone was added and dissolved. 0.5 parts by weight (0.0025 mol) of 20wt.%-sodium hydroxide solution was 
added for placing the solution at 70°C for 3 hours to cause a static separation before a lower layer or a water layer 
was removed. The reminder was then cleaned with 200 parts by weight of a distilled water. A volatile component was 
removed by distillation to obtain an epoxy resin (EP4) having a nitrogen content of 8% by weight and an epoxy equivalent 
of 284 as well as having a softening point of 75°C and including hydrolytic chlorine of not more than 400 ppm. The 
obtained epoxy resin (EP4) is represented in the following general formula (64). 




:h^^HtCsHh 2 hn^^ch^ gener a l fo rmula 



where G is glycidyl group, "n" is 0.0 to 1 .0, and ¥ is 1.0 to 2.0. 
EXAMPLE 19 : 

[0230] At ordinary temperature, there were previously admixed 11 .23 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 7.74 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1.13% by weight of the 
above phenol condensate (P3) having a nitrogen content of 10% by weight, 79.0% by weight of fused spherical silica 
powders, 0.4% by weight of carbon black, 0.1% by weight of silane coupling agent, 0.2% by weight of camauba wax, 
0.2% by weight of triphenyl phosphine (T.T.P). 

[0231] Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and then the mixture was cooled 
and crushed to form the resin composition. 

[0232] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 1 5 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0233] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 20 : 



[0234] At ordinary temperature, there were previously admixed 1 0.47 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 8.69 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 0.94% by weight of the 
above epoxy resin (EP3) having a nitrogen content of 9% by weight, 79.0% by weight of fused spherical silica powders, 
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0.4% by weight of carbon black. 0.1 % by weight of silane coupling agent. 0.2% by weight of camauba wax. 0.2% by 
weight of tnphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and 
then the mixture was cooled and crushed to form the resin composition. 

[0235] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 1 5 
seconds, an injection pressure (effective pressure) of 100 kg/crr* a molding temperature of 175°C, a molding time of 
120 seconds inacMrdance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
earned out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0236] The molded test plates obtained in this comparative example was evaluated on flame retardancy. a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 21 : 

[0237] At ordinary temperature, there were previousy admixed 1 0.32 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1). 8.72 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1). 1.06% by weight of the 
above epoxy resin (EP4) having a nitrogen content of 8% by weight. 79.0% by weight of fused spherical silica powders. 
0.4% by weight of carbon black. 0.1% by weight of silane coupling agent, 0.2% by weight of camauba wax. 0.2% by 
weight of tnphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 5 minutes and 
then the mixture was cooled and crushed to form the resin composition. 

[0238] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm*, a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
earned out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0239] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 22 : 

[0240] At ordinary temperature, there were previously admixed 11.43 parts by weight of phenolphenylenearalkyl 
epoxy resin (epoxy resin 2). 7.54 parts by weight of phenolphenylenearalkyl resin (phenol resin 2). 1.13% by weight 
of the above phenol condensate (P4) having a nitrogen content of 10% by weight. 79.0% by weight of fused spherical 
silica Powders. 0.4% by weight of carbon black. 0.1% by weight of silane coupling agent, 0.2% by weight of camauba 
wax. 0.2% by weight of tnphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100°C for about 
5 minutes and then the mixture was cooled and crushed to form the resin composition. 

[0241] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cnr* a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
earned out at 1 75°C for 6 hours to form a flame retardant test sample plate. 

[0242] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 23 : 

[0243] At ordinary temperature, there were previously admixed 8.94 parts by weight of 2-functional biphenyl epoxy 
resin (epoxy resin 3). 10.03 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 1.13% by weight of the 
above phenol condensate (P3) having a nitrogen content of 10% by weight. 79.0% by weight of fused spherical silica 
powders. 0.4% by weight of carbon black, 0.1% by weight of silane coupling agent. 0.2% by weight of camauba wax 
0.2% by weight of tnphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll of 100»C for about 5 
minutes and then the mixture was cooled and crushed to form the resin composition. 

[0244] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm* a molding temperature of 175»C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
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carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0245] The molded test plates obtained In this comparative example was evaluated on flame retardancy, a boded 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 24 : 

[0246] At ordinary temperature, there were previously admixed 5.62 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 3.86 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 4.63 parts by weight of 
phenolphenylenearalkyl resin (phenol resin 2), 4.86 parts by weight of 2-functional biphenyl epoxy resin (epoxy resin 
3), 1.13% by weight of the above phenol condensate (P3) having a nitrogen content of 10% by weight, 79.0% by weight 
of fused spherical silica powders, 0.4% by weight of carbon black, 0.1% by weight of silane coupling agent, 0.2% by 
weight of camauba wax, 0.2% by weight of triphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll 
of 100°C for about 5 minutes and then the mixture was cooled and crushed to form the resin composition. 
[0247] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0248] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 25 : 

[0249] At ordinary temperature, there were previously admixed 5.61 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 3.87 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 4.30 parts by weight of 
phenolphenylenearalkyl resin (phenol resin 2), 5.19 parts by weight of cresol novolak epoxy resin (epoxy resin 4), 
1.13% by weight of the above phenol condensate (P3) having a nitrogen content of 10% by weight, 79.0% by weight 
of fused spherical silica powders, 0.4% by weight of carbon black, 0.1% by weight of silane coupling agent, 0.2% by 
weight of camauba wax, 0.2% by weight of triphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll 
of 100°C for about 5 minutes and then the mixture was cooled and crushed to form the resin composition. 
[0250] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0251] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 26 : 

[0252] At a temperature of 220°C, on a stone grinding extruder, there were fused and admixed 8.0% by weight of 
the above phenol condensate (P3) having a nitrogen content of 10% by weight, 91.5% by weight of the above ABS 
(thermoplastic resin 1), 0.5% by weight of polytetrafluoroethylene (PTFE) to form a resin composition. This resin com- 
position was dried at 120°C for 3 hours before press-molding is carried out at 200°C for 1 minute to form a flat plate 
having a thickness of 3.2 millimeters. 

[0253] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 3. 

EXAMPLE 27 : 

[0254] At a temperature of 220°C, on a stone grinding extruder, there were fused and admixed 8.0% by weight of 
the above phenol condensate (P3) having a nitrogen content of 10% by weight, 91.5% by weight of the above PS 
(thermoplastic resin 2), 0.5% by weight of polytetrafluoroethylene (PTFE) to form a resin composition. This resin com- 
position was dried at 120°C for 3 hours before press-molding is carried out at 200°C for 1 minute to form a flat plate 
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having a thickness of 3.2 millimeters. 



[0255] The molded test plates obtained in this comparative example was evaluated on flame retardancv a boiled 
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COMPARATIVE EXAMPLE 9 ; 



Seo^^^^^ IT! T'T y adm ' Xed 1 1 3 Parts * wei 9 ht of Pnenolbipheny.ara.kyl epoxy 
h^^™^! 1). 8.18 parts by weight of phenolblphenylaralkyl resin (phenol resin 1), 0.59% by weight of ohenol 

St m^fdi™ tTe^rJS 8 !" mP T" 1 . t0 f T 8 tab,et - Thl8 tablet "» P revlo ^y "eated at 85°C for sub- 



resistance are shown on below Table 4. 
COMPARATIVE EXAMPLE 10 



resin repoxy resin 1). 8.74 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 0 56% bv weioht of nhenol 

S hvw^t^S °! ca , rbo " b,ack ' ^ weight of silane coupling agent. 0 2% by weight of Smauto wa? 

wi ! ^ phos P hine < TT P >- Thereafter, the admixture was made on a roll of 100?7o r a3 5 
minutes and then the mixture was cooled and crushed to form the resin composition. 

[0260] The > resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for «jb. 

^r„r.:rjs: zest-*-* _ 8ew „ g p^rr 

."""'''if? Pl3teS < * Mne<l h «* "I"*" evaluated on flam reterdancy a Mod 



resistance are shown on below Table 4 
COMPARATIVE EXAMPLE 11 



^^nto-S^^.T. P ?i°" Sly admixed 1151 P a * by weight of pheno.pheny.eneara.ky. 
T°l^ (epOXy resin 2 >' 8 00 03,18 by weight of phenolphenylenearalkyl resin (phenol resin 2) 0 59% bv weioht 

POwTrs^ 

0^% hv'v^M ^ 1 I w °" b ' aCk * ai% by we,ght of si,ane ^"P"^ agent. 0.2% by weight of camauba wax 
mZZZSL 1 ^ P ° SPWne (TTP) - Rafter, the admixture was made on a roll of 10^7or aboTs 

£ m ^ W3S COO,ed and cmsned to form ««e resin composition, 

sequent m^di^bv^ff 0 ," T f° m P ressed to f °"" a tablet. This tablet was previously heated at 85»C for sub- 

COMPARATIVE EXAMPLE 12 : 

refnlpowreln 1o ^^"^ T V™*™* 903 ^ b * of 2-functiona. bipheny. epoxy 
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then the mixture was cooled and crushed to form the resin composition. 

[0266] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0267] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 4. 

COMPARATIVE EXAMPLE 13 : 

[0268] At ordinary temperature, there were previously admixed 5.72 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 4.30 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 4.63 parts by weight of 
phenolphenylenearalkyl resin (phenol resin 2), 4.86 parts by weight of 2-functional biphenyl epoxy resin (epoxy resin 
3), 0.59% by weight of phenol benzoguanamine resin having a nitrogen content of 19% by weight, 79.0% by weight 
of fused spherical silica powders, 0.4% by weight of carbon black, 0.1% by weight of silane coupling agent, 0.2% by 
weight of carnauba wax, 0.2% by weight of triphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll 
of 100°C for about 5 minutes and then the mixture was cooled and crushed to form the resin composition. 
[0269] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
earned out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0270] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 4. 

COMPARATIVE EXAMPLE 14 : 

[0271] At ordinary temperature, there were previously admixed 5.72 parts by weight of phenolbiphenylaralkyl epoxy 
resin (epoxy resin 1), 4.30 parts by weight of phenolbiphenylaralkyl resin (phenol resin 1), 4.30 parts by weight of 
phenolphenylenearalkyl resin (phenol resin 2), 5.19 parts by weight of cresol novoiak epoxy resin (epoxy resin 4), 
0.59% by weight of phenol benzoguanamine resin having a nitrogen content of 19% by weight, 79.0% by weight of 
fused spherical silica powders, 0.4% by weight of carbon black, 0.1% by weight of silane coupling agent, 0.2% by 
weight of carnauba wax, 0.2% by weight of triphenyl phosphine (T.T.P). Thereafter, the admixture was made on a roll 
of 100°C for about 5 minutes and then the mixture was cooled and crushed to form the resin composition. 
[0272] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
earned out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0273] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
water absorption coefficient, a thermal stability and a moisture resistance. Results of evaluations on the moisture 
resistance are shown on below Table 4. 

COMPARATIVE EXAMPLE 15 : 

[0274] At ordinary temperature, there were previously admixed 4.2% by weight of phenol benzoguanamine resin 
having a nitrogen content of 19% by weight, 95.3% by weight of the above PS (thermoplastic resin 2), 0.5% by weight 
of potytetrafluoroethylene (PTFE). Thereafter, the admixture was made on a roll of 1 00°C for about 5 minutes and then 
the mixture was cooled and crushed to form the resin composition. 

[0275] The resin composition was compressed to form a tablet. This tablet was previously heated at 85°C for sub- 
sequent molding by use of a single plunger type transfer molding machine under conditions of an injection time of 15 
seconds, an injection pressure (effective pressure) of 100 kg/cm 2 , a molding temperature of 175°C, a molding time of 
120 seconds in accordance with the UL94 flame retardation regulation. Subsequently, thermosetting process was 
carried out at 175°C for 6 hours to form a flame retardant test sample plate. 

[0276] The molded test plates obtained in this comparative example was evaluated on flame retardancy, a boiled 
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[0277] The novel resin compositions having the improved flame retardant resin materials in Examples 7, 8 10 11 
SSJSSST T "? ardanCy ' thermal or thermal ^composition resistance, moisture res stance as 

aTelSnp.es 1 2T1O reS ' n C ° mP ° Siti ° nS ta¥h " ,he conventional flame retardant resin materials in Compar! 

nov t resin 1 com P° 8itlon havi "9 tha improved flame retardant resin material in Example 9 is superior in 
v^nTon? Ste ? ,ity ° r therma ' ^position stance, moisture resistance as compared toTe™ n- 

SS^^T COmpOS . ,t, ° nS havin9 the conventional flame retardant resin materials in Comparative Examp.es 3 4 
[0279 The novel resin compositions having the improved flame retardant resin materials in Examples 12 22 are 
supenor in flame retardancy. therma. stability or thermal decomposition resistance, moisture resistances compared 
ptes 5.T reSm C ° mpOSitlonS haVin 9 0,8 ~nventiona. flame retardant resin materials in Compari^ IS2 

[0280] The novel resin composition having the improved flame retardant resin material in Example 23 is superior in 
^ T T m ° r thermaI ^Position distance, moisture resistance as compared tZZZ 
S7T n composition having the conventional flame retardant resin material in Comparative Example 12 

ESS LIS n ° Ve ' reS,n ?°! n ^ 0n haVln9 016 impr ° Ved flame retardant resin material ir » Exalte 24 is superior in 
^ en "? ^ b,,,ty ° r therTnal imposition resistance, moisture resistance as compared to tt» con- 
composition having the conventional flame retardant resin materia, in Comparative Examp,e 13 
22? nOV l re8,n composition having the improved flame retardant resin material in Example 25 is superior in 
flame retardancy. thermal stability or thermal decomposition resistance, moisture resistance as compared to tiTe ™ Z 
ESTST the conventtona ' flama retardant resin materia, in Compara^^Tample M 

SL,^" ♦ re ^' n ^P 08 ™ 008 havin 9 the improved flame retardant resin materials in Examples 13. 26 is 
toZ ™ Jn* T ^ T 5tabi,ity ° r therma ' decom POsition resistance, moisture resistance as compared 
p°e^ 6.T reS ' n COm P° 8rt,ons hav, "9 me conventional flame retardant resin materials in Comparative Exam- 

[0284] The novel resin compositions having the improved flame retardant resin materials in Examples 14 27 is 
to 5? ZXZZX ^ th8 T' StabMity " th6,mal ^composition resistance, moisture resistanceTcomrirea 
Ses 8.^5 composrtrons having the conventional flame retardant resin materials in Comparative Exam- 

o°r innI.H J?k 6 Conventional re8i ? compositions include the phenol resins having triazine rings on the molecular skeletons 

SS^ESZT TT T**™ rin9S ° n the m ° ,eCU,ar Skeletons - 106 other conventional resin compositions 
^nfh? P heno,b, Pha"y'aralkyl epoxy resins having biphenyl groups on the molecular skeletons and thephenol 

SmisttZ ha^nTrZT V ^ oompositions include the flame retarded resin 

£3° l°u 9 th8 tnaz ' ne " ngs and the ar omatic rings on the same molecular skeletons 

SLoTlnH T I 68 '" oom P 08it| o ns are ^Porior in flame retardancy. thermal stability or thermal decomposition 
resistance and moisture resistance as compared to the conventional resin compositions 



Claims 

1 " i!!in Lt! a,dant ? en °!- reS ' n materia ' **** inClUdeS a pheno ' condensate, wherein a poly-aromatic compound 
ESSE, y condensation reaction of phenols (A) with aromatics (B) which do not include phenols and a hete- 
rocychc compound (C) including nitrogen as heteroatom are condensed via aldehydes (D). 

^ 33 ^ C ' aim 1 ' — ' — aroma ** < B > - -P-ented by 

XH 2 C-R 1 -CH 2 X m 

»n r6 ^ 1 fe an ^° ne ? derivative8 ' Phenylene derivatives, naphthalene derivatives, biphenylene deriva- 

ZTl^ ne denVat,VeS ' biS " Phen0 ' flU ° rene denVativa8 ' and X is any one of halogen atoms, hydroxy, groups 
and alkoxyl groups having not more than 10 carbon atoms. 

3 ' XX^Ses! reSi " materia ' 88 daimed " C,8,m 2 ' V * B ™ n SaW * iS any ° ne ° f b 'P hen V ^^o 8 
4. The flame retardant phenol resin material as claimed in claim 1. wherein said heterocyclic compound (C) is selected 
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5. The flame retardant phenol resin material as claimed in claim 4, wherein said triazines include compounds having 
at least one amino group. 

6. The flame retardant phenol resin material as claimed in claim 4, wherein said triazines are at least one compound 
selected from melamine, acetoguanamine and benzoguanamine. 

7. A flame retardant resin composition which includes at least a flame retardant phenol resin material as claimed in 
claim 1 . 

8- The flame retardant resin composition as claimed in claim 7, further including an aromatic thermosetting resin 
having aromatic rings on a main chain skeleton. 

9. The flame retardant resin composition as claimed in claim 8, wherein said aromatic thermosetting resin comprises 
an epoxy resin having a novolac structure. 

10. The flame retardant resin composition as claimed in claim 8, wherein said aromatic thermosetting resin comprises 
a phenol resin having a novolac structure. 

1 1 . The flame retardant resin composition as claimed in claim 8, wherein said aromatic thermosetting resin comprises 
a phenol aralkyi epoxy resin having aromatic rings in a novolac-structured main chain. 

12. The flame retardant resin composition as claimed in claim 11 , wherein said phenol aralkyi epoxy resin has at least 
any one of biphenyl derivatives and phenylene derivatives on said novolac-structured main chain. 

13. The flame retardant resin composition as claimed in claim 8, wherein said aromatic thermosetting resin comprises 
a phenol aralkyi phenol resin having aromatic rings in a novolac-structured main chain. 

14. The flame retardant resin composition as claimed in claim 13, wherein said phenol aralkyi phenol resin has at least 
any one of biphenyl derivatives and phenylene derivatives in said novolac-structured main chain. 

15. The flame retardant resin composition as claimed in claim 7, further including an aromatic thermoplastic resin 
having aromatic rings in a main chain skeleton. 

16. A semiconductor device having a sealing resin which comprises a flame retardant resin composition as claimed 
in claim 7. 

17. A printed wiring board having an insulator which comprises a flame retardant resin composition as claimed in claim 
7. 

18. A molding material comprising a flame retardant resin composition as claimed in claim 7. 

19. A flame retardant epoxy resin material which includes an epoxy resin obtained by glycidyl-etherification of at least 
a part of phenolic hydroxy! groups of a poly-aromatic compound obtained by a condensation reaction of phenols 
(A) with aromatics (B) which do not include phenols and a heterocyclic compound (C) including nitrogen as het- 
eroatom via aldehydes (D). 

20. The flame retardant epoxy resin material as claimed in claim 19, wherein said aromatics (B) are represented by 
the following chemical formula (1). "(1)" XH 2 C-R 1 -CH 2 X where is any one of biphenyl derivatives, phenylene 
derivatives, naphthalene derivatives, biphenylene derivatives, fluorene derivatives, bis-phenol fluorene deriva- 
tives, and X is any one of halogen atoms, hydroxyl groups and alkoxyl groups having not more than 10 carbon 
atoms. 

21 . The flame retardant epoxy resin material as claimed in claim 20, wherein said R 1 is any one of biphenyl derivatives 
and phenylene derivatives. 

22. The flame retardant epoxy resin material as claimed in claim 1 9, wherein said heterocyclic compound (C) is selected 
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from triazines. 



23 «^Z:**n?;™. rcSln materia ' 38 d3imed Cteim 2Z - WhSrein - id ««"« '"Cude —pounds ha^ng 

24 ' ITiISh I" 8 * 8 " 1 ?* ^ reSi " m3teria ' 38 C,aimed in c,aim 22 ' wherein sai °" triazines are at least one compound 
selected from melamine. acetoguanamine and benzoguanamine. compound 

25 ' claimTg^ 3 " 1 COrT, P° s,tio " whteh ^ least a flame retardant epoxy resin materia, as claimed in 

2 \^ a arr^ 

2 \Te™Sng3 

a phenol aralkyl epoxy resin having aromatic rings in a novolac-structured main chain. compnses 

30. The flame retardant resin composition as claimed in claim 29, wherein said phenol aralkyl epoxy resin has at least 
any one of b.phenyl derivatives and phenylene derivatives in said novolac-structured maintain 

31 T D henoTa^ 

a phenol aralkyl phenol resin havmg aromatic rings in a novolac-structured main chain. 

32. The flame retardant resin composition as claimed in claim 31 , wherein said phenol aralkyl phenol resin has at least 
any one of bl pheny. derivatives and phenylene derivatives in said novolacitructured n^Kain 

33. The flame retardant resin composition as claimed in claim 25, further including an aromatic thermoplastic resin 
having aromatic rings in a main chain skeleton. ineimopiasnc resin 

£ SKF"** dSViCe haVln9 8 SeaBn9 reSin ^ C ° mpriSeS a flame retartant resin —Position as claimed 

35. A printed wiring board having an insulator which comprises a flame retardant resin composition as claimed in claim 

36. A molding material comprising a flame retardant resin composition as claimed in claim 25. 
Patents nspructte 

1. Flammhemmendes Phenolharz-Material, das ein Phenolkondensat enthalt, worth eine polyaromatische Verbin- 
dung, die durch eine Kondensationsreaktion von Phenolen (A) mit Aromaten (B) welche ke ne Pnenoi^nth^n 

(D)^trt^^ 

XH2C-R.J -CH2X 



46 



EP 1 013 684 B1 



wobei ein Diphenylderivat, ein Phenylenderivat. ein Naphtalinderivat, ein Diphenylenderivat, ein Fluorenderivat 
Oder ein Diphenolfluoren-Derivat, und X ein Halogenatom, eine Hydroxygruppe Oder eine Alkoxygmppe mit nicht 
mehr als 10 Kohlenstoffatomen bedeuten kann. 

3. Flammhemmendes Phenolharz-Material nach Anspruch 2, worin R 1 entweder ein Diphenylderivat Oder ein Phe- 
nylenderivat ist. 

4. Flammhemmendes Phenolharz-Material nach Anspruch 1 , worin die heterocyclische Verbindung (C) aus den Tria- 
zinen ausgewahlt ist. 

5. Flammhemmendes Phenolharz-Material nach Anspruch 4, worin die Triazine Verbindungen mit mindestens einer 
Aminogruppe umfassen. 

6. Flammhemmendes Phenolharz-Material nach Anspruch 4, worin die Triazine mindestens eine Verbindung dar- 
stellen, die aus Melamin, Acetoguanamin und Benzoguanamin ausgewahlt ist. 

7. Flammhemmende Harzzusammensetzung, die mindestens ein flammhemmendes Phenolharz-Material nach An- 
spruch 1 enthalt. 

8. Flammhemmende Harzzusammensetzung nach Anspruch 7, die weiterhin ein aromatisches Duroplastharz mit 
aromatischen Ringen auf einem Hauptkettengerust enthalt. 

9. Flammhemmende Harzzusammensetzung nach Anspruch 8, worin das aromatische Duroplastharz ein Epoxidharz 
mit einer Novolak-Struktur enthalt. 

10. Flammhemmende Harzzusammensetzung nach Anspruch 8, worin das aromatische Duroplastharz ein Phenolharz 
mit einer Novolak-Struktur enthalt. 

11. Flammhemmende Harzzusammensetzung nach Anspruch 8, worin das aromatische Duroplastharz ein Pheno- 
laralkyl-Epoxidharz mit aromatischen Ringen in einer Hauptkette mit Novolak-Struktur enthalt 

1 2. Flammhemmende Harzzusammensetzung nach Anspruch 1 1 , worin das Phenolaralkyl-Epoxidharz auf der Haupt- 
kette mit Novolak-Struktur mindestens entweder ein Diphenylderivat Oder ein Phenylenderivat enthalt. 

13. Flammhemmende Harzzusammensetzung nach Anspruch 8, worin das aromatische Duroplastharz ein Phenola- 
rakyl-Phenolharz mit aromatischen Ringen in einer Hauptkette mit Novolak-Struktur enthalt. 

14. Flammhemmende Harzzusammensetzung nach Anspruch 13, worin das Phenol arakyl-Phenolharz in der Haupt- 
kette mit Novolak-Struktur mindestens entweder ein Diphenylderivat Oder ein Phenylenderivat besitzt. 

15. Flammhemende Harzzusammensetzung nach Anspruch 7, die weiterhin ein aromatisches Thermoplastharz mit 
aromatischen Ringen in einem Hauptkettengerust enthalt. 

16. Halbleiter-Bauelement mit einem Abdichtharz, das eine flammhemmende Harzzusammensetzung nach Anspruch 
7 enthalt. 

17. Eine Leiterplatte mit einem Isolator, der eine flammhemmende Harzzusammensetzung nach Anspruch 7 enthalt. 

18. Formwerkstoff, der eine flammhemmende Harzzusammensetzung nach Anspruch 7 enthalt. 

19. Flammhemmendes Epoxidharz-Material, das ein Epoxidharz enthalt, das durch eine Glycidyl-Veretherung minde- 
stens eines Teils der PhenolHydroxygruppen einer polyaromatischen Verbindung, die durch eine Kondensations- 
reaktion von Phenolen (A) mit Aromaten (B), die keine Phenole enthalten, erhalten wurde, und einer heterocycli- 
schen Verbindung (C), die Stickstoff als Heteroatom enthalt, uber Aldehyde (D) erhalten wurde. 

20. Flammhemmendes Epoxidharz-Material nach Anspruch 19, worin die Aromaten (B) durch die folgende Formel (1) 
dargestelrt werden. "(1)" XHsC-R^^X wobei R 1 ein Diphenylderivat, ein Phenylenderivat, ein Naphtalinderivat, 
ein Diphenylenderivat, ein Flourenderivat Oder ein Diphenolflouren-Derivat, und X ein Halogenatom, eine Hydro- 
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xygruppe Oder eine Aikoxygruppe mit nicht mehr als 10 Kohlenstoffatomen bedeuten. 
21 " nXdeTanS deS EpOXidhar2 - Materia ' nacn Anspruch 20. worin R 1 entweder ein Biphenylderivat Oder eln Phe- 

SLTs^^ ^ 19 ' WOri " d,e ^terocycisca Verbindung (C) aus den 

23 "rr no ^pp:^ 

SeZ^ie a^Melam^T" Mate^ ■ a, ^ WOrin die Triazine ^estens eine Verbindung dar- 

steilen, die aus Melamin, Acetoguanamin und Benzoguanamin ausgewahlt ist. 

25 ' s^rcrirenS? Har2ZUSammenseteun 9. <«• ™**tens ein flammhemmendes Epoxidharz-Materia. nach An- 
26 " SESM^ZZ^ 25 ' ^ ~ - ~ S Duroplastharz mit 

^ EHK^^ 26 ' WOri " - — — D -P'^- ein Epoxid- 

28 " S^Sl^^ ^ * WOri " daS ^stherz ein Phenoi- 

29 ' .» a TJ3l h c mm HK de Ha f tusammensete ""9 nach Anspruch 26, worin das aromatische Duroplastharz ein Pheno- 
laralkyi-Epox.dharz m.t aromatischen Ringen in einer Haupkette mit Novolak-Struktur aufweist 

3 °" ^Z^^ me ?i e ^ USammenSetZUn9 nacn ^P™* 29. worin das Phenolaralkyl-Epoxidharz in der Hauot- 
kette mrt Novolak-Struktur mindestens ein Dlphenylderivat oder ein Phenytenderivat besitzt 

31. Flammhemmende Harzzusammensetzung nach Anspruch 26. worin das aromatische Duroplastharz in einer 
Hauptkette mit Novolak-Struktur ein Phenolaralkyl-Phenoharz mit aromatischen WngTn enS 

3Z ^= d k! SaCEKS^^ 

" SSSJ^^ - — - a ~ Thermop.as.arz 

**" zTa^s?" 6 '^ 

35. Lerterplatte mit einem Isolator, der die flammhemmende Harzzusammensetzung nach Anspruch 25 aufweist. 

36. Formwerkstoff. der eine flammhemmende Harzzusammensetzung nach Anspruch 25 aufweist. 

Revendications 

1 - ^US" * ba f de resine phenol ininflammable qui comprend un condensat phenole. dans lequel un compose 
rTsTe y 7 ^ ° bten " Paf condensa « on de P^°'s (A) avec des aromatiques (B) quTne compTnS 

ZTn ?a!Xdes(DT mP ° Se (C) da ,,azote — heteroatomesont 

2 - 
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XHjaC-FVCHgX {1) 

dans faquelle est I'un quelconque des d6riv6s du biphSnyle, des d6riv§s du phSnytene, des d6riv6s de 
la naphtaline, des d§riv6s du biph§nyl6ne, des d6riv6s du fluorine, des derives du fluordne bis-ph6nol, et X est 
Pun quelconque des atomes d'halogdnes, des groupements hydroxyles et des groupements alkoxyles ne compor- 
tant pas plus de 10 atomes de carbone. 

3. Materiau k base de r6sine phenol ininflammable selon la revendlcation 2, dans lequel ledit R 1 est I'un quelconque 
des d6riv6s du blph6nyle et des d6riv6s du phSnyldne. 

4. Materiau k base de r§sine phenol ininflammable selon la revendication 1 , dans lequel ledit compost h6terocyclique 
(C) est choisi parmi les triazines. 

5. Materiau k base de r6sine ph6nol ininflammable selon la revendication 4, dans lequel lesdites triazines compren- 
nent des composes comportant au moins un groupement amin6. 

6. Materiau a base de n&sine phenol ininflammable selon la revendication 4, dans lequel lesdites triazines sont au 
moins un compost choisi parmi la m&anine, I'acStoguanamine et la benzoguanamine. 

7. Composition a base de nasine ininflammable qui comprend au moins un materiau k base de r6sine phenol inin- 
flammable selon la revendication 1 . 

8. Composition k base de rSsine ininflammable selon la revendication 7, comprenant en plus une nSsine aromatique 
thermodurcissable ayant des noyaux aromatiques sur une chaTne principale. 

9. Composition k base de rSsine ininflammable selon la revendication 8, dans laquelle ladite rSsine aromatique ther- 
modurcissable comprend une rSsine epoxyde ayant une structure novolaque. 

10. Composition k base de r6sine ininflammable selon la revendication 8, dans laquelle ladite rSsine aromatique ther- 
modurcissable comprend une r§sine ph6nol ayant une structure novolaque. 

11. Composition k base de rSsine ininflammable selon la revendication 8 f dans laquelle ladite resine aromatique ther- 
modurcissable comprend une r§sine Spoxyde phenol aralkyle poss6dant des noyaux aromatiques dans une chaTne 
principale k structure novolaque. 

12. Composition k base de r6sine ininflammable selon la revendication 11, dans laquelle ladite resine epoxyde phenol 
aralkyle a au moins Tun quelconque des d<§riv6s du biph^nyle et des d6riv6s du ph^nytene sur ladite chaTne prin- 
cipale k structure novolaque. 

13. Composition a base de risine ininflammable selon la revendication 8, dans laquelle ladite resine aromatique ther- 
modurcissable comprend une rSsine Spoxyde phenol aralkyle possSdant des noyaux aromatiques dans une chaTne 
principale a structure novolaque. 

14. Composition a base de nSsine ininflammable selon la revendication 13, dans laquelle ladite resine dpoxyde phenol 
aralkyle, a au moins Tun quelconque des d6riv6s du biphSnyle et des d6riv6s du ph6nyl6ne dans ladite chaTne 
principale k structure novolaque. 

15. Composition k base de rSsine ininflammable selon la revendication 7 f comprenant en plus une resine aromatique 
thermodurcissable poss£dant des noyaux aromatiques dans une chaTne principale. 

16. Dispositif k semi-conducteur poss6dant une resine d'6tanch§ite qui comprend une composition k base de r6sine 
ininflammable selon la revendication 7. 

17. Tableau de circuit imprim6 possSdant un isolateur qui comprend une composition k base de rSsine ininflammable 
selon la revendication 7. 
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18. Maftha a mouler comprenart une composition a base da rtsloa InHtammaU. salon la lavanolcstlon 7. 

<9 ' rf^,™ rSS "' e 5T* Wntemm *" <M ""wand una raslna apoxyde obtanu. par glvddvl-alhan- 

£n££Z T<2 SiSSS" f° UPeme * P"***"* 8 <■•"" """PO** a^natlqua polycS^ooWjr 

" SZr°satnT™^T ^ " " «»—»"-*■•»-.* rtslna 4p ox*a ^ 
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35. Tableau de circuit imprim§ poss6dant un isolateur qui comprend una composition £ base de r§sine ininflammable 
selon la revendicatlon 25. 

36. Matters d mouler comprenant une composition a base de rSsine ininflammable selon la revendication 25. 
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FIG. 1A 
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Flame traveling direction 



E oam laver free nf DitiogSTj ra^i 



FIG. IB 
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Flame traveling direction 



Eoam laver containing nitrr> g p n ff1ffl 
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